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PaccMOTpeHbl OCHOBHBIE Pe3yJIbTaThl HAYYHbIX UCCIENOBAHUI U pa3paboToK B obaacTu aTMochepHoii pa-
nuanuu 3a nepuon 2019—2022 rr. B Poccuiickoit ®enepaiuu. OcCHOBHOE BHUMaHUE yAeJIeHO UCCIenoBa-
HUSM B 00J1aCTU TEOPUU TIepeHOCa U3JTyYeHMsI, aTMOC(HEPHOI CITIEKTPOCKOTIUM, PaAUalIMOHHOMN KJIIMMAaTO-
JIOTMH, a3P030Jisl U paIuallMOHHOTo (hOPCUHTa, TMCTAHIIMOHHOTO 30HAMPOBaHUS aTMOChepbl U TTOBEPX-
HOCTHM, WHTEPIpETallMy CITYTHUKOBBIX WM3MepeHUil. [IpuBeneHbl CIMCKM OCHOBHBIX MyOJMKALMii B
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BBEIAEHME

Mznyyenue B atMochepe 3eMin (COJTHEUYHOE U
coOCTBEHHOE aTMocdepbl U MOBEPXHOCTU) WIPaAET
BaXkHYIO poJib B (DOPMUPOBAHUM MOTOJbI U KJIMMaTa
IUIAaHEThl. DTO M3JIydeHHUE OIpeaeisieT MHOIOYMC-
JIEHHBIE MpolLecCchl GOPMUPOBAHUS PATUALIIOHHOIO
OanaHca 3eMJIi, poLeCChl TMHAMUKHN aTMOC(depHI,
doToxnMum, 006J1aKO0OOpa30BaHU U T. 1. DTO XKe N3-
JIydeHHUE UTPAET BAXKHYIO POJIb B TIOJydeHUU UHPOP-
MallM¥d O MHOTOUYMCJIEHHBIX (U3NYECKUX, XUMUYe-
CKMX, TMHAMWUYECKMX W APYrMX napamMerpax arMo-
cepbl ¥ IIOBEPXHOCTU 3eMIIN.

KpaTtkuit 0630p, moaroroBiaeHHbI Poccuiickoit
KOMUCcHUeil mo arMocdepHOil paguallii, COOEPXKUT
HanOoJiee 3HAYMMBbBIC Pe3yabTaTbl pabdoOT B 00JacTU
WCCAEeIOBAaHUM aTMoc(epHON paguanuu, BBITION-
HeHHBIX B 2019—2022 rr. OH gBiseTcs yacTblo Harm-
oHaJbHOTO otueta Poccuu 1o mMeTeopoioruu U aT-
MochEepHBIM HayKaM, ITOATOTOBJIECHHOIro st MexX-
JIYHApOOHOM accouMalyyd II0 METEOpPOJIOTMU U
armocpepusiM HayKaM (IAMAS). 3a ucrekimii me-
puon Poccuiickass Komuccus 1mo atMocgepHoil pa-

JIUALIMU COBMECTHO C 3aMHTEPECOBAHHBIMU BEIOM-
CTBaAaMM M OpraHM3allMsIMU IIpoBeJia ABa MexXmyHa-
POIHBIX cHMITO3uyMa “ATMocdepHas pagualus U
muHamuka” (MCAPI-2019, MCAP-2021), Ha Ko-
TOPBIX OOCY:KIAINCh aKTyaJIbHbIE ITPOOJIEMBI COBpPE-
MEHHOM (pu3nKu aTMocdepbl — ITIEPeHOC U3TYYECHUS
U aTMoc(epHasi ONTHKa, MTAapHUKOBBIE ra3bl, o0IaKa
M1 a3pO030JIM, Ha3eMHbIE M CIYTHUKOBEIC TUCTaHIIM-
OHHbIE METOMIbI U3MEPEHUI, HOBbIE JaHHbIE HAOIIO-
OeHuii. B HacrosimeM o630pe IMpencTaBIIEHO IISITh
HaIlpaBJICHUI, OXBATHIBAIOIIUX BECh CIEKTP UCCIe-
JIOBaHM, MPOBOAUMBIX B 001aCTH aTMOC(epHOI pa-
JUALIUH.

1. Teopns mepeHOCA UBITYICHMS.
2. AtMocdepHast CrieKTpOCKOMUSI.

3. A3po0307b, paguallMOHHBIN (POPCHUHT, pagna-
LIMOHHAs KJIMMATOJIOTHsI.

4. INCTaHIIMOHHOE 30HINPOBAaHKUE aTMOCHEPHI.

5. MHTepnpeTanus CIlyTHUKOBBIX U3MEPEHUIA.
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POCCHUMCKHWE UCCIEIOBAHHA B OBJIACTU ATMOC®EPHOUW PAIUALIMU

1. TEOPUA INTEPEHOCA N3JIYYEHUA

B MOA CO PAH paspabortaHo 1Ba HOBBIX aJlr0-
putMa Metona MoHTe-Kapiio, mnpemHazHaYeHHBIX
ISl BBIYMCJIEHUM CIIEKTPaJbHBIX MTOTOKOB U MOJeii
SIPKOCTH TEIUIOBOTO U3JIYYECHHUS C y4eTOM C(HEPUIHO-
ctu atMmocdepsl u 3D-a3¢ddexToB obakos [ Zhuravle-
va et al., 2019]. AITOopUTMBI OTJIMYAIOTCS CHOCO0aAMM
ydeTa MOJIEKYJISIDHOTO TToroleHus: (Meton k-pacrnpe-
JIeJICHU M MeToHd, paHAOMM3alMN); pean3aluund 00-
JIAYHBIX MOJICH MOAEIUPYIOTCS HA OCHOBE ITyaCCOHOB-
CKOI1 MOJIEJI pa30pBaHHOM OOJIAYHOCTU. AJITOPUTMbBI
MO3BOJISIIOT PACCUMTATh XapaKTePUCTUKI U3JIydeHUS B
HEOTHOPOMHOI aTMOchepe C y4eToM C(hepruIHOCTH aT-
Mocdepbl P MEHBIIMX BBIYMCIUTEbHBIX 3aTpaTax,
yeM B MeTonae k-pacrnipeneneHust. ITyaccoHoBckast Mmo-
JIeJIb pa30pBaHHBIX 00JIaKOB o0ecrieurnBaeT 3(ppeKTrB-
HOE MOACIMPOBaH1e MHOXKECTBA Pa3IMIHbIX ME30MAC-
INTAaOHBIX OOJAYHBIX IIOJIEH, YTO ITO3BOJISIET MICHTH-
dummpoBath 3D-3¢deKTHl 001aKOB Ha MCXOISIIee
M3JIydeH1e B BepXHei yacTh aTMocdepbl Kak (PYHKIIUHN
KOH(UTYypalMy 00JIaKOB W OINTUYECKUX XapaKTepu-
CTHK B pa3IMYHBIX CIIEKTpaIbHbIX MHTEpBaIaXx.

OcCy1IecTBIIEHO CTaTUCTUYECKOE MOJIEIMPOBaHUE
VHTEHCUBHOCTU IIPOIIYIIEHHOTO COJHEYHOIo M3Jy-
YEeHMsI B IPUCYTCTBUU ONITUUYECKM TOHKUX MEePUCTHIX
00J1aKOB ISl IBYX F€OMETPUUYECKUX CXEM 30HINPO-
BaHMsI, peaJIM30BaHHBLIX B (POTOMETPUYESCKOM CEeTU
AERONET [Zhuravleva, 2021]. YnciieHHBIE 3KCIIE-
PUMEHTHI BBIIIOJHEHBI C MCIOJIb30BaHUEM MOIEICH
KpucTannndeckoit oomauynoctr: moaean OPAC (rek-
caroHajJibHbI€ YaCTULIbI C IJ1aJIKOI ITOBEPXHOCTHIO) U
MOeJIM IpyIIbl aBTOPOB B cocTaBe Baum B.A., Yang
P., Heymsfield A.J. u ap. (cmech yacTull pa3Hoit (hop-
MBI, TeKCaroHaJIbHbIEe CTOJIOMKM 1 arperaThl U3 IreK-
CaroHaJIbHBIX CTOJIOMKOB C CHJIBHO III€POXOBATOM
MOBEPXHOCTHIO). BBISIBIEHO, 4TO OTCYTCTBME MMUKOB
SIPKOCTU B 30HAaX BO3MOKHOTIO TOSIBJIEHUSI Talo He
O3HayaeT OTCYTCTBME Ha HEOOCBOJE TEPUCTOU 00-
JIAYHOCTHU, IIOCKOJIbKY B IIPUCYTCTBUU CHJILHO IIEPO-
XOBaTBIX I'eKCAarOHAJIbHBIX YaCTUILL YIJIOBasl CTPYKTY-
pa paguallMOHHOTO IIOJISI OITMCHIBAeTCS INIAAKOM
¢yHKUMEH yria paccestHusI. AHAJIN3 BAUSHUS MUK-
POCTPYKTYPHl KPUCTAJJIMYECKON OOJaYHOCTU Ha
yCpemHeHHBIe TT0 MHOXKECTBY 00JIauHbIX peann3alnii
anpoeno u nuddy3Hoe npoIrryckaHue nokasai [Zhu-
ravleva, 2021], 4To cpenHee 3HaUYeHME HEeOIIpeaeIeH-
HOCTH, 00YCJIOBJICHHOE OTCYTCTBEM MH(MOPMALIIH O
¢dopMe u pazMepax 4acTUll, HAXOOUTCS B Ipeleaax
~2%. Dra BeJIUYMHA COMOCTAaBMMAa C BIUSTHUEM (-
¢GEeKTOB CaydailHOII reoMeTpuM OO0JIaKOB B OIITHYE-
CKM TOHKOI 00JJa4HOCTH, TOTJA KaK 10 Mepe yBeJIU-
YeHUSI ONTUYECKON MIOTHOCTU audy3HOE IMPOITyC-
KaHMe MOXET ObITh 3aHMXKeHOo 6osee yeM Ha 10%.

Pazpaboran opuruHaabHbIid aaroput™M [Zhuravle-
va, 2021, 2021a] cTaTUCTUYECKOTO MOACIMPOBAHUS IS~
peHoca COJTHEYHOIO M3JIy4eHUSI B IIPUCYTCTBUU KpPH-
CTAJUIMYECKUX OO0JIAKOB, ONTUYECKM AHM3OTPOITHBIX
OTHOCHUTEJIFHO 3€HUTHOTO yIVIa TAJaloNIero M3iayde-
HUs. BBITTOJTHEHO TecTMpOBaHUE ITPOrPaMMHO-AJITO-
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PUTMUYECKOTO 00eCTIeYeHUST; pe3yIbTaThl YUCIICHHBIX
SKCIEPUMEHTOB CBUIETEIILCTBYIOT O TOM, YTO ITPU MO-
JIeJTMPOBAaHUY TIepeHOCa U3TyYSHMS C UCTTOIb30BaHU -
€M TIPEIIOXKEHHOIO aJITOPUTMAa CBOCTBA ONTUYSCKOM
AHU30TPONUHU CPEIbl YUUTHIBAIOTC aIcKBaTHO.

B pa6orte [Firsov et al., 2021] pazpaboTraHa mupo-
KOIOJIOCHAsI MOJAEIb JJIsl IEPeHOCa KOPOTKOBOJHO-
BOIO COJTHEYHOTO M3JIydeHHsI B aTMocdepe 3emMIiu.
Mopnenb OCHOBaHa Ha MapaMeTpu3aliuv (QYHKLIUIA
MPOITYCKAHUSI U3TyYEHUS C UCTTOJIb30BAHUEM COBpE-
MEHHOM CHEKTPOCKOIMYECKON MH(MOPMALIUM B BUIE
KOPOTKHUX SKCIOHEHIMAIbHBIX PSIOB, YTO ITO3BOJISI-
€T IPUMEHUTD CTAHIAPTHBIN METOII AUCKPETHBIX Op-
JIUHAT K PelIeHUI0 YpaBHEHUS MepeHoca U3TydeHUs
JUTSL KaXXIOU SKCIIOHEHIIMAJIbHOU COCTABIISIONICH.

B cratbe [Fomin, 2021] mpencraBieH npsiMOii Me-
tox pacuera (LBL) my1st 6b1cTPOro BEIYMCIIEHUSI KOM-
MaKTHBIX U TOUYHBIX TaOJUIL CIIEKTPATIBbHOTO MOKCKA
(LUT) nna mopeneii mepeHoca usnydyeHusi LBL.
KitoueBoit 0COOEHHOCTBIO PTOTO METONA SIBJSIETCS
MOJIyYeHHUE 1 UCTIOIb30BaHUE 3(P(PEKTUBHBIX CETOK C
HEOMHOPOJHBIMU BOJIHOBBIMM YHMCIIAMU JIJISI UHTEP-
MOJISILIAY TIPOMUJISI IUHUU C 3aIaHHON TOUHOCTBIO.

Pabota [Svetsov et al., 2019] mocasieHa pere-
HUIO CUCTEMBbI YpaBHEHU I NepeHoca U3JTyYeHUsI COB-
MECTHO C ypaBHEHUSIMU Tra30BoOil AuHaMuKu. Mc-
MOIb30BAIOCH ITPUOJIMKEHUE pagualliOHHOM! TEIJI0-
MPOBOOJHOCTH WM, €CJIM OINTWYecKas IIyOmHa
Poccenanma n3ny4aroiiero oobema ra3a u napa onuia
MEHbIIe eANHULIBI, TPUOIKEHE 00BEMHOTO U3JTY-
yeHMUs1. Pa3paOoTaHHBIM ajJrOpUTM TIPUMEHEH LIS
YUCJIEHHOTO MOJICIMPOBAHUS CTOJIKHOBEHMIT KOMET-
HBIX Tell auaMeTpoM 0.3, 1 u 3 KM, KOTOpEIE BXOIST B
arMocgepy 1o pa3IMYHBIMU YIJIaMU.

Lensro padots! [Soldatenko et al., 2021] stBisumocs
W3y4eHMe BIIMSHUS HEoNpeaeIeHHOCTel B paagalii-
OHHBIX 06paTHbIX CBA34X WM MHEPpLHUHN KIMMaTHU4C-
CKOM CHUCTeMBl Ha CIIEKTpP MOIIHOCTM KojebaHUM
mI00aIbHOI cpemHeill TeMmepaTyphl IIOBEPXHOCTU
(Global Mean Surface Temperature, GMST). bsito 1mo-
Ka3aHOo, YTO B BBICOKOYACTOTHOM IHAIla30HE CIIEKTpa
MoIHoCcTu KosiebaHuit GMST BausHUEe WHepLUU
KJIMMAaTUYECKOM CUCTEeMBbI 60Jiee 3HAYUTEIbHO, YeM
BJIMSTHUE OOpaTHBIX CBSI3eil. B HU3kKo4acToTHOM ina-
Ma3oHe, HAIpOTUB, BIMSHNUE OOpaTHBIX CBsI3€il Ha
CIIEKTP MOIIHOCTH IIPEBHIIIACT BIMSHUEC KIMMAaTH-
4YeCKOIl MHEPLIMMU.

B ctatbe [Chesnokova et al., 2019] mogeaupytoTcs
BOCXOASIIIMI U HUCXOASIINI IMTOTOKUA COJITHEUHOTO U
TEIUIOBOTO WU3JIYYEHUS [UJISI METEOPOJIOTMIECKUX
YCAOBUI, TUITMYHBIX IS JieTa B CPEIHUX IIUPOTAX.
OueHeH OaraHc aTMochepHOI paguanu, 00yCIOB-
JICHHBI MEPUCTHIMU 00JIaKaMU Pa3HOM IITyOUHBI, U
YyBCTBUTEJIBHOCTh PagyallMOHHOIO BO3IEHCTBUS K
pa3IUYHBIM MOJEJISIM CIUIOLIHOTO MOIJIOIIEHUS BO-
JISTHOTO T1apa.

B pa6ote [Timofeev et al., 2020], ocHOBBIBasICh Ha
aHajiu3e ypaBHEHHUS MepeHoca U3JyYyeHUs] B MHTEe-
rpajgbHOi (popme, uccienyoTcss TPUIMHbI U3MEHEe-
Ne 7
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HUIl WCXOASIIEro TEIUIOBOTO W3JIydYeHUsT 3eMIIn
(Outgoing Thermal Radiation, OTR) nipu yBenuue-
Huu conepxanus CO, B atMmocdepe.

B uccaenoBanum [ Kuchma et al., 2020] paccMoT-
peHa 3agaya aTMocepHOi KOPPEKIIMU KOPOTKOBOJI-
HOBBIX KaHaJlOB MHOTOCHEKTPAIbHOTO CKaHUPYIO-
ILIETO paaiuoMeTpa HU3KOIO paspelleHust Ha OopTy
cnyTHUKa “Meteop-M Ne 27, TIpeajioxkeH airopuTm
aTMoc¢hepHO KOPPEeKLIMU Ha OCHOBE CrellMabHBIX
TabJIUII TOMCKa, CTeHEpUPOBaHHbIX aBTopamu. [1po-
BEpKa Moka3ajla BBICOKYIO KOPPEISLMIO C DTAIOH-
HBIM KO3(M(PUIINESHTOM OTpaXkKeHUS, MOJYYeHHBIM C
CaliTOB MPOBEPKU ajbOelo MOBEPXHOCTU MopTasa
EUMETSAT.

B [Silant’ev et al., 2021] mosrygeHo ypaBHEHHE TIe-
peHoca M3IyYeHUs IUISI BCEX CTOKCOBBIX ITapaMETPOB
HEIPEePhIBHOIO M3JIydeHUSI B aTMOc(hepe B OTHOPOMI-
HOM MarHUTHOM I1oJ1e. SIBHBIE (pOPMYJIBI 15T TTOTIEpeY-
HBIX CeYeHU1 1 (Pa30BBIX CABUTOB JIaHBI C YYETOM 3(P-
¢exroB nomtoieHus. IIpencraBieHHas Teopusl CIIpa-
BeIJIMBAa 0JI1 MarHUTHBIX ToJieit He 6onee 1010 [c. B
00111eM cTydae MarHUTHOE 10JIe COCTOUT U3 CPEIHe-
ro 3Ha4YeHUsI U XxaoTu4eckoit yactu. CucremMa ypaB-
HEHMI TIepeHoca IJIsl YeThIpeX YCPeAHEHHBIX ITapa-
MmeTpoB Crokca, I, Q, Uu V, pacnagaeTrcs Ha 1Be He-
3aBUCHUMBIE CUCTEMEI - It mapameTpoB [, Qu V, U.

B pa6orte [Balugin et al., 2022] nnpeacrasieH Me-
TOI OLIEHKY BO3AEHCTBUS CTpaTOC(hEepHOTO a3p030sl
Ha paguallOHHbII 0aj1aHC cTpaTocephl IT0 JaHHBIM
a3pOCTAaTHOTO 30HAWPOBAHMS ONTUYECKUM 30HIOM
00paTHOrO paccesiHUs adpo30Jisa. MeTonuka OleHKH!
OCHOBaHa Ha MCIOJIb30BAaHUM paaualMoHHOM (line-
by-line u MonTe-Kapio) Moaenu nepeHoca coaHeu-
HOU paguanuu.

B cratpe [Fomin et al., 2019] o6cyxmaroTcs uame-
HeHUsI B pacderax line-by-line criektpoB mHppa-
KPACHOTO U3JTyYeHUSsI, KOTOPbIE TTIPOUCXOSIT TIPU 3a-
MEHE CIIEKTpOCKOonmuuyeckoil ©0a3bl maHHbIX HI-
TRAN-2012 na HITRAN-2016 u kontypa doiirra
Ha KOHTyp XapTMaHa-TpaHa.

B uccinegoBanuu [Chernenkov et al., 2021] BbI-
MOJIHEHA OlleHKa KOHIEHTpAalMU Caku B CHEry Ha
OCHOBE 0aJIaHCOBOI MOJIEJIM CHEXKHOTO CJI0SI U MOJIe-
1 riepeHoca uainydeHust SNICAR. Brerancisercs anb-
0eno cHera v paiuallMOHHOE BO3/IEMCTBHE OT OTEMHE-
HMSI CHETa MPU Pa3IMYHON KOHLICHTPALMU CaXKH.

B pa6ore [Dombrovsky et al., 2020] pemioxeHa
MOJIeJIb PACHPOCTPAHEHUSI BHPYCOB BO3MYIIIHO-Ka-
TMeJIbHBIM ITyTeM BHYTPH MUKpoOKarieib Boabl. [TocTpo-
e€Ha MoeJib BUPYCHOIO o0Jlaka ¢ yU4eTOM pa3In4HbIX
MEXaHU3MOB, TaKMX KaK 3(PEKT COTHEUYHOTO 00JIyde-
HUSI, TUHAMMYECKasl pejlaKcallysl OBVDKYIIMXCS Ka-
Mejib B OKPYKAIOIIEM BO3AyXe M TPaBUTALIMOHHOE
ocaxaeHue Kareidb. MakcuMalibHasl OLIEHKa CIeK-
TPAJILHOTO TTOTOKA U3JIy4YeHUsI B caydae 6e300J1adHO-
ro Heba Iokasaja, 4YTo BKJIaJ M3JIy4YeHUsI B UCIape-
HUE OTACIbHBIX Kalejlb BOAbl HE3HAUYUTEICH.

B cratbe [del Aguila et al., 2020] omnucaH MeTon
YCKOpPEHUSI MoJeJieii pacueTa TUITepCIIeKTPaIbHOIO
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rnepeHoca u3ayyeHusl, OCHOBaHHbBI Ha KjacTepu3a-
LIMU COEKTPATbHBIX U3JIyYE€HU I, BBIYUCIEHHBIX C MO-
MOILIbIO MaJIOTIOTOKOBOI MOJIeJIU MIEPeHOCca U perpec-
CMOHHOTO aHajI13a, BBITTOJHEHHOTO ISl MAJIOMIOTOKO-
BOIl MU MHOIOINOTOKOBOUW MOJEJEN BHYTPU KaxKIOro
Kjactepa. DTOT TMOAX0, KOTOPbIiA Mbl Ha3bIBaeM Me-
TOAOM KJIACTEPHOW pEerpeccuyM HU3KUX [MOTOKOB
(Cluster Low-Streams Regression, CLSR), npumMeHsi-
eTCsl 711 BBIYMCIICHUSI CIICKTPOB U3JIydeHUs B A-aua-
nazone O, npu 760 HM u CO,-guanazone mpu 1610 HM
I Tt atMocdepHbix cueHapueB. Meton CLSR
CpPaBHMBAETCSI C MOJIEJIbIO MEPEHOCa Ha OCHOBE aHa-
JIn3a OCHOBHBIX KoMIToHeHTOB (Principal Component
Analysis, PCA), neMoHCTpupysl yIy4illeHWE IO TOY-
HOCTH U BBIYUCIUTEIBHON MPOU3BOAUTEIBHOCTH.

B pa6ote [Zhuravleva, 2021] mpencraBieH opuru-
HaJIbHBII QJITOPUTM CTAaTUCTUUYECKOTO MOJEIUPOBa-
HUS TEpPEeHOca COJIHEYHOTO M3JIyYeHUS] B MPHUCYT-
CTBUM O0JAaKOB M3 KPUCTAJIOB JibAa, ONTHUYECKU
AHU3OTPOITHBIX MO OTHOILIEHUIO K 3€HUTHOMY YTy
najaaroiero uydeHus. YucieHHble SKCIEPUMEHThI
MoKa3aJju, YTO MTPU UCIIOJb30BAHUH NTPEIJIOKEHHOTO
aJiropuTMa Ipu MOAEIMPOBAHUU MepeHoca u3jiyde-
HUS HauboJiee alleKBaTHO YUYMTBHIBAIOTCS CBOMCTBa
OIITUYECKU aHU3OTPOITHOM Cpenbl.

B pa6orax [Kataev et al., 2019, 2021, 2022] ananu-
3UPYIOTCS AJITOPUTMBI 00PadOTKM N300pakeHUS, TI0-
JIydeHHBIe ¢ 00pTa OeCIMJIOTHBIX JIeTaTeIbHBIX arlia-
patoB (BIIJIA), B pexume pealbHOro BpeMeHU s
ONTUYECKOTO AUCTAHIIMOHHOIO 30HIMPOBAHUS I1O-
BepxHOCTH 3eMiin. [IpyMeHeHne aHanora BereTalu-
OHHOIO HHIEKca II03BOJisieT BblaeauTh Ha RGB
U300pakeHUU paCTeHUs, YTO YBEJIMYMBAET BEPOSIT-
HOCTb IIPaBWILHOIO PACIIO3HABAHMSI TUITOB ITOBEPXHO-
¢t (pacteHuii). PaccmaTpuBaloTcs METOIVKY MpeaBa-
PUTEIIBHOM 1 TeMaTU4eCKOoM o0pabOTKM M300paxe-
HUIi, HEOOXOOUMOI IJIST yBEPEHHOTO pacIlO3HABAHUSI
TUIIOB ITIOBEPXHOCTH.

IMpoBeneH ananus [Belov et al., 2019] addekTrB-
HOCTH ONTHYECKOro (poTo m pammoMeTpHUIecKoro)
MeToda oOHapy:KeHUsT HePTIHBIX 3arpsI3HEHUM, OC-
HOBaHHOIO Ha pa3IMuUy B OTpaxKaTejbHbIX XapaKTe-
pUCTUKAX YUCTOM M 3arpsi3HEHHON HE(THIO BOAHBIX
MOBEPXHOCTEN, MPU BLIOOPE NJIMHBI BOJHbBI 30HIAUPO-
BaHUg B Y®, BuauMoM, OmzkHeM U cpegHem MK
JIMana3oHax crekTpa.

B [Belov et al., 2019] paccMoTpeHbI pe3yJibTaThbl
SKCTIIEPUMEHTOB C TIONBOTHBIMHM OMCTATUYECCKUMM
OTITHKO-3JICKTPOHHBIMU CUCTEMaMU CBSI3U, B KOTO-
PBIX ICTOYHUKOM MH(MOPMAIINY 1 TTOJIE3HBIM CUTHA-
JIOM SIBIISIETCSI paccessHHOe Jla3epHOe u3iaydyeHue. B
TMOJICBBIX YCJIOBUSIX MOJIYYSHBI TaJIbHOCTU Mepeaayu
nH@opmauuu 10 40 M B 03epHOIi BozE.

Cratbsa [Burenkov et al., 2019] mocBsiieHa OLleH-
K€ TOIPEIIHOCTU OIIpeAeieHUs IToKa3aTessl ocaad-
JIEHUSI CBETa MOPCKOI Bomoii MetonoM MonTte-Kap-
J0. Kak npaBuiio, uaMepeHus mokasarest ocjiadie-
HHS TIPOBOASATCS TIpW HEOOJBIION 0a3e mmpubopa B
JIOCTaTOYHO IMPO3pavyHbIX Bogax. OmHaKO Ha ITpaKTU-
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K€ BCTPEYaIOTCs CIydar OYeHb MYTHBIX BOI (IIPHUIOH-
HbIe HedeTonaHbIE CJI0M), TAE ITOrPEIIHOCTA U3Mepe-
HUSI IToKazaTesisl ocjiabjieHsI CyIlIeCTBEHHO BO3pacTa-
IOT 13-32 MHOTOKPaTHOIO paccestHUsI B TIpeaeax 6as3nl
npubopa. OLeHKY TAKUX IO PEIIHOCTEM 1 pacCMaTpr-
BalpOTCs B Hacrogdileil padore. Hambosee moapoOHO
PacCMOTPEHO BIMSIHME MHIWKATPUCHL paccesHus Ha
paccMarpuBaeMble norpentHoct. Kpome toro, nsyde-
HO BJIMSIHHE Ha MOTPEIIHOCTU U3MEPEHU S IToKa3aTe-
JIsT ocyiabaeHUsI IJTMHBI 6a3bl Iprubopa U yriia 3peHUst
MPUEMHOM CUCTEMEL.

B [del Aguila et al., 2019, 2021] st yay4meHust
3¢ HEKTUBHOCTU aJIrOpuTMa 0OpPaOOTKHM TUTIEPCIEK-
TPaIBbHBIX JAHHBIX ObLIN MTPOAHAIU3UPOBAHBI METO-
JIbl CHVDKEHUSI pa3MePHOCTH MPUMEHUTEILHO K TU-
MEPCIIEKTPAILHOMY IUCTAaHLIMOHHOMY 30HOUPOBA-
HUIO aTtMocdepbl. IIpyM CHUXEHUM pa3MepHOCTU
MMPOUCXOAUT UCKIIOUEHUE U3 JAHHBIX M30BLITOYHONI
nHbOpPMalNK, U B HACTOSI1I€e BpEMSI CHUKEHUE pa3-
MEPHOCTH SIBJISIETCSI HEOTHEMJIEMOM YaCThIO BEICOKO-
IIPOU3BOIUTENILHBIX MOJEJIEH IIepeHoCca U3JIyYeHHUS].

B pa6ore [Afanas’ev et al., 2019] mpoBoauTcsi cpaB-
HUTEJIbHBIN aHAJIN3 METOHOB pPEIleHUsT YpaBHEHUS
TepeHoca I N3TyIeHUs 1 YacTull. duzndeckast Mo-
JIeJTb CBETOBOTO TTOJISI SKBUBAJIEHTHA TEOPUU PACIIPO-
CTpaHEHUsI MyYKOB 3JIeMEHTapHbBIX YAaCTUILL B TTPUOIIH-
JKEeHUHU Kjaccuyeckoil mexaHuku. Ha ceromust oco-
OCHHO BaXXHO, YTO TOYHOCTH OKCIIEPUMEHTOB B
r3rKe yacTuIr 6:;1M3Ka K IPeneIbHOM, 9TO ITO3BOJISET
MIPOBEPSITH MHOTHE COOTHOIIICHUSI TEOPUN CBETOBOTO
TIOJISI B MYTHOM cpejie, Ie MokKa Momo0OHasi TOYHOCTh
HenocTikuMa. [IpoBeneHo cpaBHEHUE DPe3yIbTaTOB
pacyeToB ¢ IKCIEPUMEHTATbLHBIMUA JAaHHBIMU TIO YT-
JIOBBIM pacIipele/icHUsIM 3JIEKTPOHOB, YIIPYTO OTpa-
JKEHHBIX OT IBYCIOHBIX TBEPIOTEIIBHBIX MUIICHEH.

Pa6ora [Efremenko, 2021] mocBsiiieHa mpuMeHe-
HUIO UCKYCCTBEHHBIX HEMPOHHBIX CETEU IS mapa-
METPU3ALUU BbIYUCIUTENBHO TPYAOEMKUX MOJEIICH
nepeHoca uanydyenus (MIIW) B 3agauax nucraHI-
OHHOTO 30HAMPOBaHUU aTMocdepbl. XOTs TpsIMOe
3amemeHne MIIM HelipoHHBIMM CEeTIMHU MOKET
MPUBOAUTH K MHOTOKPATHOMY TOBBILIEHUIO MTPOU3-
BOJUTEJILHOCTU, TAaKOU IOAXOJ MMEET OIpeAcsieH-
HbI€ HEIOCTATKU, TAKWE KaK MOTepsT OOIIHOCTH, TPO-
01eMbl ¢ YCTOHYMBOCTBIO U T.4. [Ipy 3TOM HEelpoH-
Hasg ceTb OOBIYHO oOOyyaercsl Isi KOHKPETHOTO
MMPWIOXKEHUA, HAlIpUMED, I 3apaHee ONpenesIeH-
HbIX aTMOC(EpPHBIX ClieHapueB W 3aJaHHOTO CHEK-
TpoMeTpa. B naHHoi1 paboTe paccMaTpuBaeTcst HOBast
KoHIenuus HelipoceTeBbix MITU, B KoTOpOil Heli-
pOHHasi ceTh 3aMEHSIeT He BCIO MOJEb LIEJIMKOM, a
TOJIBKO €€ 4acTh (aJropuT™M pacuera COOCTBEHHBIX
3HAUYEHUI1), TEM CaMbIM COKpalliasi o0111ee BpeMsi Bbl-
YUCJIEHUN TIpU coxpaHeHuM obmrHoctu MIIU. U3
0Oy4YeHUsT MCKJITIOYAIOTCSI 3aBUCUMOCTU OT T€OMET-
pyU HAOMIONEHUS U OTITUYECKOU TOJIIMHBI CPEIBI.

Cratbs [Chuprov et al., 2022] nocBsillieHa cpaBHe-
HUIO 5DHEKTUBHOCTH METOIA Pa3JIOKEHMS 110 CHH-
ryJsIipHbIM 4uciaam (singular value decomposition,
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SVD) u pemaresieit 0ObBIKHOBEHHBIX I depeHIIn-
anbHbIX ypaBHeHUit (OY) mi1st HaXOXIEHUST MaTpr-
LIkl OTpaXXeHusl. MaTpuila OTpaxKeHUsT MOXKET HaXo-
JIUTbCSl TIyTEM pELIeHUSI OJHOMEPHOIO ypaBHEHMS
rnepeHoca usinydeHus. JJaHHoe pellleHrne Ha OCHOBE
METOJa TUCKPETHBLIX OPAMHAT IIPUBOIUT K METOLY
SVD. AnsTepHaTUBHBIN TTOIXOI COCTOUT B IIpeodpa-
30BaHUM MCXOAHOM 3a1a4i B MAaTPUIYHOE YpPaBHEHUE
Puxkkatu, HamucaHHOE CHELUATBHO JJISI MATPUIIbI
OTpaKeHMS U pellraeMoe MeToaMU YMCIIEHHOTO UH-
terpupoBaHust OAY. OOHapykeHO, YTO IJjII OTHO-
cioitHoro cirydass Meton SVD Ha mopsimok ObIcTpee
pemareneit OJ1Y, HoO TTo Mepe pocTa Ynciia CJI0eB pe-
marean OJ1Y craHoBATCA >(deKTUBHEEe MeTola
SVD. OHu 3¢dekTuBHEe 1 MpU HEMPEPHIBHOM U3-
MEHEHUU ONTUYECKUX CBONCTB Cpeibl C TITyOUHOIA.

B pa6ore [Afanas’ev et al., 2020] aHanusupyeTcs
COBPEMEHHOE COCTOSTHUE TUCKPETHOIM TeOpUHU Mepe-
Hoca u3nydeHus. PaccMoTpeHbl omHOMeEpHasi, Tpex-
MepHasi U CTOXacTUYecKasi MOJEIU MepeHoca U3iy-
yeHust. [lokazaHO, 4TO AUCKpETHas TEOpUS HAET
eIUHCTBEHHOE peIleHne OTHOMEPHOIO YpaBHEHUS
rnepeHoca nu3aydeHus1. Bce mpubIkKeHHbIE METOIBI
pelleHusI, OCHOBaHHbIE Ha (popMaiu3Me TUCKPET-
HBIX OpAWHAT, MOTYT OBITh ITOJYY4e€Hbl Ha OCHOBE
CUHTETUYECKMX UTEePaLINii, MAJIOYIJIOBOM allIIPOKCH-
Maluy 1 METOAa MaTpUYHLIX ortepaTtopoB. Hameue-
HbI BO3MOXXHBIE HAIIpaBJIEHUSsI IEPCIEKTUBHOTO pa3-
BUTHSI IEpeHOCA UBTYUCHUS.

2. ATMOC®EPHAA CITEKTPOCKOITUA

PaGora no naHHO# TeMaThKe B OCHOBHOM BeJlach
MO IBYM HaIlpaBJICHUSIM: UCCJIEIOBAHUE XapaKTepu-
CTUK CIIEKTPATBHBIX TUHUI 1 MOJIOC U MCCIIeIOBaHUE
KOHTUHYaJILHOTO moriolieHus. asg MomenupoBa-
HUS aTMOC(HEPHOTO paarallMOHHOTO MepeHoca U Av-
CTaHIIMOHHOTO MOHMTOPHHTA COJAEpP>XKaHUs MapHU-
KOBBIX M 3arpsI3HSIIONINX aTMOcdepy ra3oB TpedyeTcs
BBICOKOTOUHAs1 MH(OpMaILUS MO JUHUSIM MOTJIoNIe-
HUST aTMOcdepHbIX Ta30B. LUk paboT 1o TeopeTu-
YECKOMY MCCeN0BaHUI0 TUHUH 1Tosockl VgCH;I b1
npoeneH B CII6I'Y comecTtHo ¢ MOA um. B.E. 3y-
eBa CO PAH u Yuusepcurerom ®panm-Konre (be-
3aHcoH, Ppannmsa). MHTepec K CHEKTPOCKOIHMYE-
CKUM MapameTpaM JIMHUN HOJMCTOro MeTUJia pe3Ko
BO3pOC 3a MOCEAHUE HECKOJIBKO JIET U3-3a €ro KO-
JIOTUYECKOM 3HAYMMOCTU (MCTOYHMK aTOMOB #oja,
pa3pyllIalolIX O30HOBHIN ¢JI0ii). bhIIM paccuuTaHbI
ko3 dunueHTs camoymupenuss CH;l, Bkitoyast ux
TeMIlepaTypHYyIO 3aBucuMocCTh [Troitsyna et al., 2020],
K03 uLMeHTH yimpeHus: a3oroM [Troitsyna et al.,
2021a], xucnoponoM m BosmyxoMm [Troitsyna et al.,
2021b]. JlabGopatopHble HCCICIOBAHUS, TIPEACTAB-
JIeHHble KojuiekTuBoM aBTopoB MOA CO PAH,
BKJIIOYAIOT B cebsl u3mepeHust Ha Pypbe-CIreKTpo-
MmeTpe Bruker u Ha equHcTBeHHOM B Poccuu cnek-
TPOMETpPE BHYTPUPE30HATOPHOTO 3aryxaHus. [Toy-
yeHa HoBas MH¢oOpMaIlUs O CreKTpax MOMIOIIEeHUSs
C,H,, O;, CF,, CO, CH;l, NO,, N,O, HCI, H,S, yem
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BHECEH 3HAYMTEIbHBINM BKJIad B OOHOBJICHUE ITOMY-
JIIPHBIX cIIeKTpocKonndeckux 6a3 manHbpiXx HITRAN
n GEISA [Cepatokos u ap., 2022; Dudaryonok et al.,
2022a,b; Jacquemart et al., 2022; Lavrentieva et al.,
2022; Sinitsa et al., 2022; Vasilchenko et al., 2022a,
2022b]. IlpomomxkaeTcss pa3paboTKa KOMILUIEKCA
HU3KOTEMIIEPATYPHBIX KIOBET, C ITOMOIIBIO KOTO-
PBIX BO3MOXHO MOACIMPOBAHUE Ta30BBLIX Cpel, B
TOM 4YMCJIe CMeceil TTapHUKOBBIX Ta30B, B YCIOBUSIX
BepxHUX cyaoeB aTMocdepsnl [Cepatokos u ap., 2020;
Cunuua u ap., 2020].

IlpoBeneH aHaiM3 BIMSIHUSI CIIEKTPOCKOITUYE-
CKOIl mH(popMalMy B COBPEMEHHBIX 0a3axX TaHHBIX
o auHugaM nontoeHus CH,, CO u H,O Ha onpene-
JieHue obuiero coaepxaHus (OC) meTaHa, MOHOOKCU-
Jla yrjiepojia ¥ BOASIHOTO T1apa B CToJIOe aTMOochephl 13
CIIEKTPOB TPSIMOTO COJTHEYHOTO U3JIyUYCHUsI, U3MEPEH-
HBIX Ha3eMHbIMU Dypbe-ClIeKTpOMETpaMHM, pacIoo-
XeHHbIMM Ha crtaHnuusax B Cankr-IlerepOypre n Ko-
ypoBKe, B cpengHeM u OmmxkHem MK gmamazoHax
[UecnokoBa u ap., 2019; Chesnokova et al., 2020a,
2020b]. O6HapyxeHo, uto paziuuus B OC CH,, CO
u H,0 3a cyeT ucnoyib30BaHUS Pa3IUYHbIX Bepcuit
0a3 manHeix HITRAN, GEISA, ATM MoryTt n1ocTu-
rath 4% u Gonee. [ BEIpabOTKU CTpaTernii Boccra-
HoByieHus coaepxanuss CO u CH,, npuMeHsieMbIX B
MEXIYHApPOMTHBIX CETSIX MOHUTOPMHIA HapHUKOBBIX
razoB NDACC u TCCON, noixy4yeHbl peKOMEHIaIlINK
10 IPUMEHEHUIO CIEKTPOCKOIIMYECKMX 0a3 JaHHBIX B
3aja4yax IMCTaHIIMOHHOTIO 30HAUPOBaHMSI, UTO O3B0~
JISIET TTOBBICUTH TOYHOCTH onpeneeHust OC.

B o6nactu 5900—6100 cMm~!' Ha Pypbe-crekTpo-
meTtpe Bruker IFS 125 HR B MOA CO PAH 3apern-
CTPUPOBaHBI JIAOOPATOPHBIE CIEKTPHI MOMIOICHUSI
BOJISIHOTO Mapa, YIIMPEeHHbIC JaBJIeHUEeM aTMocdep-
HOTO BO3/yXa, U oNpeaeeHbl MapaMeTphbl IUHUI MO~
moweHus H,O [Heituynu u ap., 2021] o1 KOHTYpoB
JuHuil Doitrta 1 MOIUPUIUPOBAHHOTO HPOGUIIS
Doiirra, y4auTHIBAIOIIETO 3aBUCUMOCTD YITUPEHUS OT
CKOpoOCTeil cTajkuBarolxcsa MoJiekyn. IlokasaHo,
YTO HCIIOJIb30BaHME HOBBIX 3HAYCHUII MapamMeTpoB
JuHuit nomtoweHus: H,O mo3BosisieT yaydluTh co-
1acue MeXIy MOAEIbLHBIMUA U U3MEPEHHBIMU aTMO-
cepHBIMHU CIIEKTPAMU IT0 CPABHEHUIO C MOJEIIUPO-
BaHUEM, UCHOJBL3YIOIIUM U3BECTHBIE CITEKTPOCKO-
nmyeckue 0a3pl maHHBIX HITRAN um GEISA, ugto
BEIET K MOBBIIIEHUIO KauyeCTBa pellleHUsT 00paTHOI
3a/1a4d OIpene/IeHUsI CoIepXKaHUsI ra30B B aTMocdepe.

PazpaboraHa mmpokomnojocHass Moaenab [Pup-
COB U 1Ip., 2021] nist pacueTa nepeHoca U3IydyeHUs B
atrMocdepe 3eMIU B COJIHEUHOM KOPOTKOBOJIHOBOM
IMarna3zoHe CIIeKTpa s CIEeKTpPaJbHbIX KaHaJIOB
palOMETPOB, YCTAHOBJIEHHBIX Ha CIIyTHUKaxX Sen-
tinel-2A. JlaHHas Moaeib OCHOBBIBaeTCs Ha line-by-
line pacueTax CIIeKTPOB TMOIJIOIIEHUS C UCITOJIb30Ba-
HUEM COBPEMEHHOM CIeKTPOCKOIMUYECcKoil MHpOp-
MalluMy ¥ nocieaymolieii napamerpusanu GyHKIni
MPOITYCKaHUSI U3JIYYEeHUS B BUIE KOPOTKOTO psiia
SKCITIOHEHT JJIsl TIPUMEHEHUS] B METO/E AUCKPETHBIX
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OPIMHAT TIPU PELIEHUH YpaBHEHMSI IIepeHoca U3Iyde-
Hus. i1 KaHaJioB pamroMeTpoB Sentinel-2A caenaHbl
OLICHKU TIOTpelIHOCTe KO3(hPUILIMEHTOB CIICKTPaIb-
HOI1 SIPKOCTU MOBEPXHOCTH, OOYCJIOBJICHHbIE HEOIIpe-
JIEJICHHOCTSIMU a3P030JIbHOIO OC/IA0JICHUS 71T TUITY-
HBIX ONTUKO-METEOPOJIOTUYECKHX YCIOBUIA pErMOHA
Hiuxnero IToBomxbs.

B pabote [Kouzov et al., 2022] npeninoxkeHa HoBast
HeMapKOBCKasl Teopusl pa3BUTUSA AU Y3HBIX CITyT-
HUKOB BOKPYT pa3pelleHHbIX (MAaTePUHCKHNX) JIMHUA
BpallleHWsI, BO3MYILIEeHHBIX OydepHbIMU razamu. C
pOCTOM JaBjieHUsI Oy(epHOro rasa JIOpEHILIEBCKasi
YacTb MaTePUHCKUX JUHUI, MPpUMBIKAIOIasl K 1IEH-
TPY IIOJIOCHI, 3aTyXaeT 13-3a Iepeaadyr MHTEHCUBHO-
CTH Ha caTeJUIMThl. PaccMOTpeHBI pa3audyHbIe KaHa-
JIBI, CITOCOOCTBYIOIINE OCITA0JIeHINIO MH(PPAKPACHBIX
M pPaMaHOBCKMX JIMHWUI JIMHEWHBIX Mojekyin. Ilpo-
CTbI€ OLIEHKN KOR((UILIMEHTOB 3aTyXaHUsI YIOBJIETBO-
PUTEIBLHO COIVIACYIOTCSI C DKCIIEPUMEHTAIbHBIMU J1aH-
HBIMM, UMEIOILIMMUCS IS ClieKTpoB nornoieHus HCl
u HF, Bo3aMyI1IeHHBIX OTHOATOMHBIMM Ta3aMM.

B NucTuryTe npukinagHoil ¢puzuku PAH nipoBeneH
psii SKCIIEPUMEHTAIBHBIX U TEOPETUIECKUX HCCIICI0-
BaHMIA, HaIIpaBJICHHBIX Ha ITOBBIIIIEHNE TOYHOCTH BOC-
CTAHOBJIEHUST aTMOC(EPHBIX MPOPUIC TEMITepaTypPhl
1 BJIAXKHOCTH C TIOMOILIbIO MUKPOBOJIHOBOI paaioMeT-
puu. DTa 3a7a4a peliajsach B OCHOBHOM 3a CUET T0JTy-
YEHUST BLICOKOTOUHBIX 3KCTIEPUMEHTATbHBIX JaAHHBIX
0 napamMeTpax (GopMbl OCHOBHBIX JMAaTHOCTUYECKUX
arMocepHbIX TUHUI. B yacTHOCTH, IIPOBEOEHO 1C-
clieloBaHWE JIMHUM IIOIJIOLICHUSI BOMASHOTO IIapa
BOam3u 183 I'Tu [Koshelev et al., 2021a] u moJiockl
kuciiopoaa B okpectHoctu 60 I'Tix [Koshelev et al.,
2021b, 2022; Makarov et al., 2020]. ITomyyeHHEBIS
JJaHHbIE TI03BOJISIIOT, B TOM 4YHCJIe, MOIECIUPOBATHb
TOHKNE CTOJIKHOBUTEJIbHBIE MOJIEKYJIsIpHBIe 3 dek-
THI (BKJII04asi, 3aBUCUMOCTb 3 (HEKTUBHOTO CEYSHUST
CTOJIKHOBEHUI OT CKOPOCTH) U COCTABJISIIOT DMITU-
PUYECKYI0O OCHOBY COBPEMEHHBIX MOEJeH pacrpo-
CTpaHEeHUs]I MWJJIMMETPOBBIX BOJH B aTrMmocdepe.
B pa6ore [Belikovich et al., 2022] npogeMOHCTpUPO-
BaHO, YTO BHICOKOTOYHOE MOACINPOBAHNE MPODUIIS
60-T'T1 KucJIOpOIHOI ITOJIOCHI ITOMIOLIEHMS Ha OC-
HOBE ITOJIyYeHHBIX JaHHBIX U (hopMajM3Ma BHeE3all-
Hoit Koppekiuu aHepruu (Enegry Correction Sudden,
ECS) no3BossieT CHU3UTh MOTrPelIHOCTb BOCCTaHOB-
JieHus TIpouiIsd TeMnepaTypbl atMocdephl MO JTaH-
HBeIM pagnoMerpa HARTPRO mo nmoneit KenbBuHa.
ITo pesynbrataM 3THUX U psaa MPEILIECTBYIONINX MC-
CJIeNOBaHWI TIOIIOIIEHUST M3IydeHHUs atMocdepoit
onyonukoBaHa MoHorpadus [Tretyakov, 2021].

BBuay oTcyTCTBUSI YIOBIETBOPUTEIbHONW TEOPUU
MarHUTHO-AUTIOJIbHBIX TIEPEX0I0B B MHOTOATOMHBIX
MOJIEKyJiax, CIOCOOHOII omucath HaOJII0JaeMylo B
atMocdepe Mapca 3amnpelieHHYI0 B 3JEKTPO-au-
MOJIBHOM NPUOIMKEHUH MOJIOCY V, + V53 YIJIEKUCIOTO
raza, B MDA um A.M. O6yxoBa PAH 6bU1a mocTpoe-
Ha KBaHTOBas TEOpUsSI MAaTHUTHOTO MOMEHTA OecCIu-
HOBBIX MOJIEKYJI U TIPUBEAEHBI OCHOBHbBIE 2JIEMEHTHI
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TEOPUM MarHUTHO-IHMITOIBHBIX KOJeOaTeIbHO-Bpa-
marenbHbBIX nepexomoB [Kazakov at al., 2021]. B
JajnpHEHIeM, ObIT pa3paboTaH MeToHd pacueTa Mar-
HUTHO-IUTOJBHBIX CIIEKTPOB, BBIIIOJHEHBI HEOOXO-
ITUMBIe KBAHTOBO-XUMWYECKHE PACUETHl M TIPOBEIE-
HBI BapMallIOHHBIE PacyeThl MATHUTHO-IUITOJILHOTO
W KBaJIPYITOJBHOTO CIIEKTPOB B 001acTH 3.3 MKM yT-
JlekucIoro rasa. [lokaszaHo xopoiiee coracue Teope-
TUYECKMX CITEKTPOB U TAHHBIX Ta0OpaTOpHBIX U3MEpe-
HUIi, BBIMOJHEHHBIX C MCMOJb30BaHUEM BBICOKOUYB-
ctButenbHoro meroga CRDS [Fleurbaey at al., 2021] u
Metona Pypre-criekrpockonuu | Borkov at al., 2021].

B pa6orte [Ptashnik at al., 2019], BblIToJITHEHHOI COB-
MecTHO coTpynHukamu MOA nM. B.E. 3yeBa CO PAH
u UOA um A.M. Ob6yxoBa PAH, ObLJI0 TIpemsiokeHO
OIMcaHue KOHTUHYaJIbLHOTO IIOIVIOIIEHUSI BOMSTHOTO
rmapa B ob6act 2.7 1 6.25 MKM C UCIIOJIb30BAHUEM MO-
JIeJIbHBIX TIPEACTaBICHUM 0 (DOPMUPOBAHUM KOHTUHY-
yMa B pe3yJibTaTe CyMMUPOBAHUS BKJIAIOB CBSI3aHHbBIX
1 KBa3UCBSI3aHHBIX AUMEPOB BOIbI 1 JAJICKUX KPbLIbEB
KoJie0aTeIbHO-BpallaTe/IbHBIX JIMHUI B CIIEKTpPE I10-
miomeHus: MoHomepoB. B UDA um A.M. O6Gyxosa
PAH mpoBeneH IUKII 3KCIEPUMEHTAIBHBIX UCCIIEI0-
BaHWIi, HAIIpaBJICHHBIM Ha IIOBBIIICHUS TOYHOCTU
OIMCaHusl KOHTUHYAJbHOTO aTMOC(HEPHOIO IIONIO-
IIEHYsI B 00JIaCTU BpalllaTeJIbHOM MOJIOCHhI MOJIEKYJIbI
Bonbl [Koroleva et al., 2021; Odintsova et al., 2019,
2020] 1 mpemIoXeH IToaxXo K €ro (pU3n4ecKr 000CHO-
BaHHOMY MOZCIMPOBAHNIO HA OCHOBE COBPEMEHHBIX
MPEACTABICHU O OMMOJIEKYJISIPHOM IOIJIOIICHUN U
MOBEICHUU NAJIEKUX KPbLJIbEB PE30HAHCHBIX JTUHMIA
BoastHoro napa [Odintsova et al., 2022].

B NOA um. B.E. 3yeBa CO PAH caenaHbI OLIEeHKI
BIMSHUST KOHTMHYAJBbHOTO IIOIVIOIICHMSI BOMISIHOTO
napa B arMmocdepe Ha paauaimoHHblii ¢popcuHr CO,
Ha OCHOBE MAacCCOBBIX PACUYETOB ITOTOKOB TEILJIOBOIO
U3TydeHUsT i JeTHuXx MecsueB 2021 . B peruoHe
Huxuero IToBomkbs [DPupcos u ap., 2022]. Pe3ynb-
TaThl MOKa3aJIu, YTO C POCTOM BiiaxkHOCTU BKiaaa CO,
B pagMallMOHHOE BO3ACUCTBUE HA IIOBEPXHOCTb 3eM-
JIM yMEHBIIIAETCS, YTO IPUBOIUT K MEHBIIIEMY HAarpeBY
MMOBEPXHOCTU U K YBEJIMYESHUIO HarpeBa aTMOCHEpPHI.
ITpu 5TOM TOMUHUPYIOILYIO POJIb UTPAET KOHTUHYYM
BOJISTHOTO Tapa, a He CeJIEKTMBHOE TTOIIoIIEeHNE B TT0-
snocax H,0.

BniepBbie MoMy4eHbl SKCIIEPUMEHTATbHBIE CICK-
TPpbl KOHTUHYaJIbHOTO MOMIOIIEHUS YHUCTOTO BOMS-
HOro 1apa B 1oJiocax rnoriomeHus 1.14 u 0.94 Mxm
npu noBeIlIeHHOI TemmnepaTtype (400—430 K) cos-
MECTHO C COTPYAHUKAaMU U3 YHUBepcuteTa I. PequH-
ra (Beauko6puranus) [CumoHoBa, 2022; CuMmoHOBa
u ap., 2019; Simonova et al., 2022]. Pazpaborana mo-
JIySMITUpUYECKast MOIedb IUMEPOB BOMIBI IJIST TIPO-
THO3MPOBAHUS BEJIUUUHBI U CIIEKTPATbHBIX 0COOEH-
HOCTe KOHTMHYyMa YHCTOro BoasiHoro mapa B MK
MoJIocax IMOMIOIIEHUSI B TUArNa30He TeMIIEpaTyp OT
280 mo 430 K [CumoHoBa, 2022; Simonova et al.,
2022]. Ha ocHOBe 1a00paTOpHBIX U3MEPEHWIT T aHAJIN -
3a TECOPETUYECKMX PACUETOB ITOJIyUdeHa OlieHKa BKJIaaa
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MPOCTEUIINX KOMILUIEKCOB BOJIBI — JUMEPOB — B KOH-
TUHYYM BOASHOTO Tapa B Imojocax noromeHus MK
nuamnasona: ot 40 1o 90% B TeMIlepaTypHOM IMaria-
30He oT 280 no 430 K [CumonoBa, 2022; CumoHOBa
u 1ap., 2022; Simonova et al., 2022].

OTHenbHO CTOUT OTMETUTh TeOpEeTUIECKUE padbo-
ThI, UCITOJIb3YIOIIE METOJ KJIACCUYECKUX TPAeKTO-
puii 1Sl pacyeTa BKJIAAOB B KOHTUHYaJIbHOE TOIO-
meHue. [lepBbie pabOTHI IO UCIIOJIL30BAHUIO 3TOTO
MeTona IJisl ITOJIy4eHUsI MHAYLIMPOBAHHBIX CIIEKTPOB
aTMocdepHBIX MOJICKY/I Hadannch B 2014 romy oyt
ogHoBpeMeHHO B MDA nm A.M. OoyxoBa PAH u B
CIIoI'Y. YcrieniHoe pa3BUTHE 3TOTO TEOPETUUYECKO-
ro noaxoxa B padorax [Chistikov et al., 2019, 2021;
Serov et al., 2020] npuBeo K MOSIBIEHUIO COBMECT-
Hoi nyonukanuu [Odintsova et al., 2021], B koTopoii
pe3yabTaThl TEOPETUIECKOTO MOIEIMPOBAHUS POTO-
TpaHCISAUUOHHOU mosiockl CO,-Ar, MOJlydYeHHbIE B
MDA um A.M. O6yxoBa PAH u B CIIGI'Y, conocTaB-
JIeHbl ¢ UMEIIUMUCS B JUTepaType JaHHBIMHU, a
TaKKe C pe3yJabTaTaMU BHICOKOTOYHBLIX M3MEPEHMUIA,
npoBeneHHbIX B UT1M PAH. Oka3anock, 4To, HECMOT-
psi Ha HEKOTOPHIE Pa3Indisl B METOAUKE TPAeKTOPHBIX
pacueTtoB, IpoBoauBiInxcs B MDA um A.M. O6yxoBa
PAH u B CIIOI'Y, monyyeHHBIE HE3aBUCUMO TEOpE-
THUYECKUE CIEKTPhl XOPOIIIO COMIACYIOTCS C JAHHbI-
MU U3MEpPEeHUI. DTO MO3BOJIWUIJIO BKIIOUUTH POTO-
TPaHCISIHUOHHBIE cieKTpbl nomtouieHust CO,—Ar u
N,—N,, nonyueHHble B UPA um A. M. ObyxoBa
PAH, B ocHoBHOIT Omok 6a3sl maHHBIX HITRAN
[Gordon et al., 2022]. B pa6ote [Finenko et al., 2022]
C ToMOLIbI0 TpaekTopHoro meroma B M®PA um
A.M. ObyxoBa PAH 6bu1M mojiydeHbl pOTOTPaHCIISI-
uuoHHble criektppl CH,—N, nipu Temneparypax ot
70 no 400 K. Cnektpst CH,—N, 1 nojiyueHHbIe pa-
Hee creKTpbl N,—N, ObUIM UCITOJIb30BAHBI B 3TOI pa-
0oTe ST MHTepIpeTallMid CIIEKTPaIbHOI SIPKOCTU
n3nydeHus B atMocdepe TuraHa. [lokazaHo o4eHB
XOpOIIlee COITIACHE TEOPETUUYECKMX MAaHHBIX W pe-
3yJIbTATOB U3MEPEHUI ¢ OOpTa KOCMUYECKOTO armna-
pata Kaccunu. MoxHo 1oJiaratb, 4To IOJy4eHHBIC B
NDPA um A.M. Ob6yxoBa PAH 6uHapHbIe KO3(hDU-
uueHTsl nomtomeHus: wist CH,—N, u N,—N, oka-
XKYTCSI TIOJIE3HBIMMU IJISI MOACINPOBAHMS pagualliOH-
HBIX IIPOIIECCOB B HEKOTOPHIX 3K30IUIAHETHBIX aTMO-
cdepax, MPEeanoJoXUTEIbHO COCTOSIINX MX a30Ta C
npuMechio MeTaHa. B padote [Oparin et al., 2020], BbI-
noaHeHHo B CIIOIY, ipemyioxkeH MeTon pacueTa ga-
JIEKUIX KPBIJIbEB IT0JI0C, OCHOBAHHBIN Ha TPA€KTOPHBIX
pacyerax. MeTon ¢ ycrexoM MpHMMeHEeH IUISI pacyeTa
MOIVIOIIEHWsI B O0OJIACTU BBICOKOYACTOTHOIO KpbLIa
noJiockl V;CO, B cMecsix ¢ 6J1aropoqHbIMU Fa3aMu.

3. ADPO3OJIbHOE PAIMALIMOHHOE
BO3AENUCTBUE N KIMMATHUYECKHE
DODEKTDI

B urcTtnTyTe Omsmku atmMmocdepsl nM. A.M. O0y-
xoBa PAH mpoBeneH aHaiu3 MBIJIEBOTO0 MUHEPaIb-
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Horo asposoisi. [TokazaHo, 4To Hapsiy ¢ TecyaHoi
dpakueil u ¢ppakiuein YacTUl MUHEPATbHON ITbUIN
BETPOBO-TIECUAHBI/ MOTOK COAEPXKUT aJIeBPUTOBYIO
dpakiLuoo YacTul, pa3mMepoMm IpuMepHo oT 10 mo
100 Mmxm [Gorchakov et al., 2019a]. YcraHOBJIEHBI
CTaTUCTUYECKUE 3aBUCUMOCTU MEXIY KOHIIEHTpa-
LIMSIMU YacTUIl ajieBpUTa U TlecKa B BETPOBO-Ilecya-
HOM TIOTOKE U CKOPOCTbIO BETpa B MPU3EMHOM CJIO€
atMmocdepsnl [Gorchakov et al., 2020a]. beuiu npenjio-
JKEeHBI allllPpOKCUMALIMU BEPTUKAIBHBIX pacipeaeie-
HU1 KOHLIEHTPpAllMii YaCTULI aJleBpUTa U Mecka B KBa-
3ucTanrMoHapHbIx yeiaoBusx [ Gorchakov et al., 2021a,
2021b]. IToka3aHo, 9TO B BEpXHEM CJIO€ 3aCOJICHUS, B
OTJIMYME OT HUXKHETO CJI0sl TOJIIMHON OKOJIo 9 cM,
BEPTUKAIbHBIN TPAIMEHT KOHIIEHTPAllUU cojieoOpa-
3YIOIIMX YaCTUI] 3aBUCUT OT CKOPOCTHU BeTpa B MpPH-
3eMHOM cJioe atMocdepbl [Gorchakov et al., 2021a,
2021b]. PazpaboTtana sMnmpudecKas MOJesIb (yHK-
LIMM pacrnpele/ieHUus YacTull ajileBpuTa U mecka 1o
pa3Mepam B BETPOBO-IECYAHOM TTOTOKE B ONTYCTbIHU-
BaeMoM paiioHe [Gorchakov et al., 2021c]. U3mepeHust
BEPTUKAJIbHBIX TYpOYJEHTHBIX ITOTOKOB IbUIEBOIO
as’po30Jis1 TPOBOIWIUCH KOPPEISLIMOHHBIM METOIO0M
B omnycTelHMBaeMoii MecTHocTu [Gorchakov et al.,
2020b; Karpov et al., 2021]. beioi 1o1y9eHBI OIIEHKHA
CKOPOCTH TMOJbeEMA MbIJIEBOTO a3p030J1s1 C MOJACTUIA-
fo1eit moBepxHocTH (10 6—7 cM/c) [Gorchakov et al.,
2020b; Karpov et al., 2021]. HuzkoyacToTHBIE Bapu-
aluu TUIOTHOCTU TYpOYJIEHTHOTO TOTOKa ITbUIEBOTO
aspo30Jisl ONpeAesIIoTCS KOHBEKTUBHO OOYC/IOBJIEH-
HOI W3MEHYMBOCTBIO TOPU3OHTAJIILHON M BEPTUKAJIb-
HOM COCTaBJISIOIIMX CKOPOCTU BETPA B IPU3EMHOM CJIO€
atMocepsl [Gorchakov et al., 2020b; Karpov et al.,
2021]. daHHBbIC TTOKa3ajii, YTO BETPOBO-TIECUAHBIN
MOTOK XapaKTepu3yeTcsl aHOMaJIbHO BLICOKOM 3JIeK-
tpusauueit [Gorchakov et al., 2022a, 2022b]. I1pen-
CTaBJIEHbl pe3yJibTaTbl U3MEPEHUIN HaMPSXKEHHOCTU
3JIEKTPUYECKOTO TMOJISI, COJEBBIX JIEKTPUUECKUX TO-
KOB M 3JIEKTPUYECKUX TOKOB, O0YCIOBJIEHHBIX TTepe-
HOCOM 3apsIKEHHBIX TThLIEBBIX a3P030JbHBIX YaCTHUIL
[Gorchakov et al., 2022a, 2022b]. [TonyyeHa olieHKa
TUIOTHOCTU 3JIEKTPUUYECKHUX 3apsiioB HA MOACTUIIAI0-
uiei nosepxHoctu (10 +25 HK/m?). Boln npemioxeH
HOBBII1 MEXaHU3M MHULIMUPOBAHUSI 3aCOJICHUS DJIEK-
TPUYECKUMU (KOPOHHBIMU) pa3psiiaMu Ha TOACTU-
Jlalollei MOBEPXHOCTH, KOTOPBI MOXET 00eCIIeUnTh
yaajieHue cojieoOpasylolux 4acTUll C TOACTUIAIO-
1eii MOBEPXHOCTU CO CKOpPOCThIO 1 M/c u Goiee
[Gorchakov et al., 2022a, 2022b].

brutn n3ydeHsl cBoiicTBa M pamuallMOHHBIE (-
(hbeKTHI ITbUIEBOI ABIMKU U3 ITYCTHIHM TakjiamMakaH Ha
CeBepo-Kwuraiickoit paBHuHe [Gorchakov et al.,
2022c]. Ilo nanueiM AERONET Ha ctanuuu Ilekun
3a nepuoa 2001—2021 rr. nosy4yeHbl 3HaUYSHUST a3PO-
30JIbHBIX onTudeckux tommuuH (AOT) mo 4.0—4.5.
ITokazaHo, 4YTO oNTUYECKHME U MUKPO(PU3NYIECKUE
XapaKTePUCTUKU ITbLIEBOIO a3P030JIsi ONPEIEISTIOTCS
e€ro KpyITHOUM (pakiueit ¢ MOJadbHBIM paguyCoOM
00BEMHOTO pacIrpeaeaeHus yacTull 2—4 MKM IIpU
MacCcOBOM coziepXaHuu B atmocdepe 10 10—12 r/m>2.
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CoryacHO TaHHBIM MOHUTOPUHTA Ha cTaHLMsSIX CHUH-
JyH u IlekuH B anpesie 2006 roga 1 Ha ctaHuu Ile-
kuH-CAMS B mapte 2021 1., MHMMAas 4acTh MMoKa3a-
TeJIsl PeJIOMJICHUS TIBIJIEBOTO a3P030Jisl B OOMBIIMH-
ctBe ciaydyaeB He mnpeBbimiasia 0.003 B yciaoBusx
OINTUYECKHU TJIOTHOH mbLieBoii nbiMKU. [lokazaHo,
YTO MPU MHTEHCHUBHBIX 3aHOCAX IMbLIEBOTO a3P030Jisl
B paiioH IleknHa 3(pHeKTUBHOCTD a3PO30JBHOTO pa-
JOUALMOHHOTIO BO3JeicTBUs gocTurana 85 Br/m? Ha
BepxHeii rpanuie atmocdepsl u 135—140 Br/m? Ha
HkHel rpanuie [Gorchakov et al., 2022c¢]. Mcnoib-
3ysl JaHHbIE peaHalin3a Mo BETpy, JaHHbIE CITyTHUKO-
BOTIO MOHUTOPUHTIA ONTUYECKOM TONIIAHBI a3P0O30JIsT
(MODIS) u BepTUKaNbHOTO paclipeacieHUs Koap-
¢unuenta ocinadiaeHuss (CALIOP), a Takke naHHBIS
AERONET, moka3aHo, YTO MacCCOBBIil IOTOK ITbLIC-
BOT'O a3p030Jis1 U3 MycThIHU TakiaMakaH Ha CeBepo-
Kuraiickyo paBuuny B ampeie 2006 I. cocTaBisieT
1.5 T/c unm okoJjio 1.5 MJIH T B A€Hb.

OueHeHa cTerneHb paclpoCTpaHEeHUsT ONITUYECKU
IUI0THOM nIMKU B EBpasuu B utose 2016 roga, BKITIO-
yas peKOPIHYIO CHOUPCKYIO IBIMKY, KOTOpasl pac-
MPOCTPaHWIACh Ha IIOAId OKOJIO 16 MIH K2
[Gorchakov et al., 2019b]. O61ast Macca ILIMOBOTO
aspo30id B IbIMKe Ha Teppuropun CeBepHoii EBpazuu
Jocturiia mpuMepHo 3.2 MitH T. CpenHee pagualiioHHOE
BO3IIEICTBUE a3pO30Jisl B TIEPUOJ, MAaKCUMAJIBHOTO 3a-
neivuteHust B Cubupu cocraswio —67 Br/m? Ha Bepx-
Heil rpanuue atMocdepbl 1 —98 Br/M? Ha HUKHE
rpanune. CommacHo ganHeiIM MODIS 1 AERONET
YCTAHOBJIEHBI IIPOCTPAHCTBEHHBIE pacHpeaeieHUs
cMora M TEIMOBOTO aspo3oJist Ha CeBepo-Kuraiickoit
paBHuHe B uioHe 2007 r. [Gorchakov et al., 2019c].
BbISIBIEHO CXONCTBO ONTUYECKUX U MUKpOhU3nUe-
CKMX XapaKTEPUCTUK JLIMOBOIO a3PO30JIsl B KPYITHO-
MaciuTabHoii nbiMKe B Poccnu 1 B neiMke Ha CeBe-
po-Kuraiickoii paBHuHe. [loka3aHo, 4TO B JIETHEM
cMmore Ha CeBepo-Kwuralickoii paBHUHE aTb0eno o~
HOKpaTHOro paccesiHus B cpeadeM Hike (0.91), yuem
B IbIMHOU aTMocdepe Ha Tepputopuu Poccuu
(0.95-0.98). DdhdeKkTUuBHOCTb a3PO30JIHLHOTO paaua-
LIMOHHOTO BO3ACUCTBUSI HA BEPXHEI TpaHULIE aTMO-
cdepnl B cMore coctasiseT 45 Br/m2, 4to mpumepHO
Ha 30% wmenbiue (58—62 Br/M?), 4eM B IBLIMOBOM
aspo3zoJie B Poccuu, a Ha HU>KHe# rpaHuie aTMocde-
Pl 3 PEKTUBHOCTh pagUallMOHHOTO BO3ACUCTBUS B
cmore — 144 Br/M2, uto npumMepHo Ha 30% Gonblile,
YeM B YCJIOBHSIX ABIMOBOTO a3po3oist (102—118 Br/m?).

C ucnojab3oBaHUEM CaMOJIETHOM JlabopaTopuu
HMucturyra onrtuku atmocgepsl CO PAH [Panchen-
ko et al., 2020a; Petdji et al., 2020] ObLI IIpOBEICH Jie-
TaJIbHBI aHaJIM3 CBOWMCTB a’p030Jisl B MPU3EMHOM
clioe atMocdepsl U B Tpormochepe B POHOBBIX YCIIO-
Busix 3amagHoit Cubupu. PazsuBas unen Po3zenoep-
ra o kKjaccudukaluu a’po30JIbHbIX COCTOSIHUI B
MPU3EMHOM cJioe aTMochepbl 1151 Pa3IUYHbBIX TUTIOB
“OITUYECKOM ITOTOABI”, IIPEIJIOXKEH HOBBII BapuaHT
paznesieHus1 HA0OpOB TaHHbBIX HAOIIONEHU I Ha TUTIbI
“asp030JbHON TTOTONBI”. DTOT ITOIX0H OCHOBAH Ha
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TOM 59 2023



POCCHUMCKHWE UCCIEIOBAHHA B OBJIACTU ATMOC®EPHOUW PAIUALIMU

299

TOM (PaKTe, YTO OCHOBHOM (“Ccyx0ii”’) MuKpohun3nde-
CKUi1 cocTaB YacTull (popMUpPyeTCs 10 BO3IEICTBI-
€M MHOXKECTBA OTHOCUTEIHHO IMTEJIbHBIX IIPOLEC-
COB, B TO BpeMsI KaK OINTUYECKUE XapaKTePUCTUKU
YaCTULl CUJILHO 3aBUCST OT OBICTPO MEHSIOIIEICS OT-
HOCUTEJIbHOI BJIAXKHOCTU BO3dyxa. B pamkax aToro
Moaxoa BeCh HA0Op HAHHBIX HAOIIOOCHUI MOXKHO
pa3neanTh Ha YETBHIPE TUIA a3pPO30JbHOI IOTOMdHI,
YCJIOBHO 0003Ha4YaeMbIX KakK (pOH, AIMKA, CMOT U
JIBIMOBOI a3po30ib [[TaHyenko u ap., 2019a]. Ananmus
I0Ka3aJl, YTO OCHOBHBIEC THUITbI a3PO30JIbHOM ITOTOIbI
MOTYT OBITh HaJICSKHO BBIJEICHBI B CE30HHBIX HAbOpax
JaHHBIX 10 U3YYEHHBIM OITUYESCKUM U MUKPOGU3M-
yecKUM xapakTepucTtukam [Panchenko et al., 2020b].
AHaim3 gonrocpodHbIX HadmoneHwii [[lonskuH 1 np.,
2022a, 20226; Kabanov et al., 2019, 2020; Panchenko
etal., 2021] u k1accuuKaLUs COCTOSIHUNA IIpU3eM-
HOM aTMoc(ephl B COOTBETCTBUM C THUIIAMU a3pO-
30JIbHOI MOTOJbl 3HAYUTEJbHO CHU3UIN Heompee-
JICHHOCTb U3MEPSIeMBIX BXOIHBIX TApaMETPOB SMITH -
pUYECKO  MOIEIM  adpPO30JIbHBIX  OINTUYECKUX
XapaKTEepUCTUK TIPU3EMHOTO CJIOS aTMOochephl. DTO
WTPaeT BaXXHYIO pOJIb B pa3pabOTKe COBPEMEHHOI
BepCcUM 0000IIEHHON SMITMPUIECKOM MOIEIN OIITH -
YEeCKMX XapaKTEPUCTUK TPOIIOC(HEepHOTO a3po30Jis B
3anagHoii Cubupu [3eHKoBa u 1p., 2021].

B 2019—2022 rr. MUAO CO PAH npogoixuio pe-
TyJAsipHBIE caMOJIETHBbIE HaOmoaeHUs B (OHOBOM
pernone 3amagHoii Cudbupu [Arshinov et al., 2021].
B ocennue ce3oubl 2020 1 2022 1. ¢ TOMOILIBIO Jie-
taromeit maboparopuu Optik Ty-134 6pUIM TIpOBE-
JIEHBl KpYITHOMACIITaOHbIE KOMIIJIEKCHBIC M3MEpe-
HMSI NAPHUKOBBIX Ira30B U a3p030J€ii B POCCUICKOM
cektope ApkTuku [benan u np., 2022]. ITo naHHEIM
CaMOJIETHOTO 30HAMPOBaHUsSI Tpomnocdepbl, MOIYy-
YeHHBIM B XOAE€ KOMILUIEKCHOIO 3KCIIEpUMEHTa II0
M3YYEHMIO COCTaBa Tponocdepbl B POCCUIICKOM CEK-
Tope ApkTuku B ceHTs0pe 2020 r. Hax bapeHiieBbIM,
Kapckum, JlanreBoix, Bocrouno-Cubupckum, Yy-
KOTCKUM U BepMHTOBBIM MOPSIMU, IOJTyYEHBI BEPTU-
KaJibHbIe MPOGWIN MacCOBOIl KOHLEHTpalMU CyO-
MUKPOHHOTO a3p030JIs1 U TOIJIOIIAOIIEro BelllecTBa
(uepHbIit yrnepon) [3eHkoBa u ap., 2022]. B xonme
kammianum 2020 T. BepBbIe yIaJ0Ch ITPOBECTH BO3-
IYIIHOE 30HIMPOBAHUE a’p030Jisi B APKTHYECKOM
pervoHe IIpu Mepexoie u3 Tporocdepbl B CTPaTo-
chepy [Antokhin et al., 2021]. bruio ob6Hapyx)eHoO,
YTO MpU MepeceYyeHU TPOIoNnay3bl MJIOTHOCTb a3pO-
30JIbHBIX YACTULI YBEIUYMBaETCsI. Bhillie Tpornoray3sl
B 3JIEMEHTHOM M MOHHOM COCTaBe MpeodagaioT Si u

SO?[ COOTBETCTBEHHO, B TO BpeMsI KaK B Tporiocgepe
JTOMUHUPYIOT TeppureHHbIe 37eMeHTHl Al, Cu 1 Fe
[Antokhin et al., 2021]. B xome caMoneTHBIX KaMITa-
Huiit MAO CO PAH coBMmectHO ¢ ['ocymapcTBeHHBIM
Hay4YHBLIM LIEHTPOM BHPYCOJIOIMM U OMOTEXHOJIOTUU
“BEKTOP” ObUl HakoIUIEH YHUKaJIbHBIM Habop
JaHHBIX O COACPKAHUU MUKPOOPTraHW3MOB B aTMO-
cthepHOM aspo3soie B Tpornocdepe 3amagHoit Cuou-
pu Ha BeIcoTax oT 0 mo 7 kM. CpaBHEeHME TaHHBIX, TT0-
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JiydeHHBIX B nepuog 2006—2008 rT., ¢ usMepeHusIMUu
2012—2016 rT. moka3ajo, 4TO CoIepKaHue MUKPOOP-
raHM3MOB, OTIACHBIX JIJIS 3IOPOBbSI YEJIOBEKA, B ATMO-
chepHoM aspo3sosie Ha rore 3amagHoit Cubupu He
MCHSIJIOCH B TEUEHUE JOECSATHU JIeT (TEHACHILIMU HEOT-
JINYUMBI OT HYJISI C JOBEPUTEIBHON BEPOSITHOCTHIO
BoIIEe 95%) [Safatov et al., 2022].

MccnenoBatenu MAO CO PAH coBMecTHO ¢ KOJI-
JleTaMU U3 IPYyTUX HAaydHO-UCCIAEAOBATEIbLCKUX WUH-
CTUTYTOB MPOIOJDKUIN U3MEPEHUST XapaKTePUCTUK
a3po30JIsT M 000O0IININ Pe3yIbTaThl, ITOJIydeHHBIe Ha
MOJISIPHBIX CTAHIIMSIX M B MOPCKUX paitoHax [Pammo-
HOB 1 1p., 2019; CakepuH u ap., 2019, 2022; Goloboko-
va et al., 2020; Kabanov et al., 2020; Radionov et al.,
2020; Sakerin et al., 2020, 2020a, 2020b, 2022]. Ha
OCHOBE MHOTOJICTHHX ITOJIEBBIX McciieqoBaHmii (2007 —
2018 rr.) BriepBbIe II0Ka3aHO, YTO CPEeOHUE XapaKTe-
PUCTUKM aTMOC(EPHOTO a3p030J151 CHIDKAIOTCS C 3ara-
Jla Ha BOCTOK B poccuiickoM cektope CeBepHoro Jlemo-
BUTOTO OKEaHa, YTO yKa3bIBaeT Ha MpeobsianaHue Biv-
SHUS aABEeKIMM AaHTPOIIOIEHHOIO M IPUPOTHOIO
asposoJs u3 Esponbl [Radionov et al., 2019; Sakerin
et al., 2020, 2020a]. AHanu3 cepuii ITOJTOCPOYHBIX
HaOIIOAEeHWI Ha MOJISIPHBIX cTaHIIMSIX bapeHIOypr n
Ny-Alesund 1oka3zaj, 4To ce30HHasE M MEKToIoBast
n3MeHunBoCcTh AOT onpenensieTcss U3BMEHEHUEM CO-
Jep>KaHUsI MEJIKOJUCIIEPCHOTO a3p030JIsl TPU 3HAUM -
TEJILHOM BJIMSIHUU JBIMOBOTO a3po3oisi. Kojebanus
AOT ot roga K romy Ha ABYX CTAHIIMSIX SBJISIIOTCSI IO~
crogaapiMu [CakepmH u ap., 2022; Golobokova
et al., 2020; Radionov et al., 2020]. MHoroseTHUE
HCCIeOBaHUs, TPOBEICHHBIC B IBAAIATU aHTapK-
TUYECKUX DKCIEIULIMSIX, BBISIBUJIN OCOOCHHOCTU
MIPOCTPAHCTBEHHOTO pacHpenceHUsI adPO30JbHOMI
ONTUYECKON TOJIIUHEI aTMocdephl, IMJIOTHOCTHU
pacrpeneaeHus] a’po30JbHBIX YacTUI U CoaepKa-
HUS TTOIOIIAIONIETO BellecTBa (YepHOTOo yrieponaa)
B BBICOKMX IIUpoTax MHI0-ATIAaHTUYECKOTO CEKTO-
pa okeaHa. OO01el TeHASHLIMEH SIBASIETCS CHUXKEHUE
KOHLICHTPAllMX B IIMPOTHOM HamNpaBJIECHUU B COOT-
BETCTBUM C pacpoCTpaHEHUEM lUIelkia MbLUIU U aH-
TPOITIOTE€HHBIX a3p030Jeit, IIEPeHOCUMBIX U3 Adpu-
ku. [TokazaHo, 4YTO IIPOCTPAaHCTBEHHOE pacIipeaesie-
HUE OIpeaensieTcss LHUKIOHUYECKUM TepeHOCOM
a’3po30Jis1 C KOHTUHEHTA B 30HYy CyO0aHTapKTUYECKOM
npenpeccun (55°—60° 10.111.), neficTBUEM aHTApKTHUYE-
CKOI0 aHTUIIUKJIOHA, MPEIISITCTBYIONIETO TaJIbHEeIIIe-
My IIEpeHOCY BO3IyXa, M IIMPOTHBIM M3MEHEHHEM
CKOPOCTH BETpa M JIEASHOIO ITOKpOBa OKeaHa, KOTO-
phbie BIMSIOT Ha 00pa30oBaHNE MOPCKOTO a3po30J1s [Sa-
kerin et al., 2022b].

B cBs3u ¢ pacTyliuM 4MCiIOM MacIITaOHBIX TTPU-
POIHBIX MOXAapOB, KOTOPhIE PACIPOCTPAHSIIOTCS Ha
obmmpHeie TeppuTopun CHUOMPU M BTOPraioTcs B
ApKTUYECKUI pEeruoH, o4eHb aKTyaJbHOI 3amayeit
SIBJISIETCSI TOUHOE OMNpeAeeHre UX paaualioOHHOIO
BozaciictBust [Konovalov et al., 2021; Zhuravleva
et al., 2020]. B pamkax 3Toii 3agaym ObLI HA4aT HO-
BBII LIMKJI U3MEPEHUI 1 MOJIEIMPOBAHUS paccerBa-
IOIIMX U TTOTJIOLIAIOIINX CBOMCTB IBIMOBOTO a3pP030-
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JIsT BOIM3M UCTOYHMKA ITOXKapa ¢ aKIIEHTOM Ha eXe-
IHEBHYIO TpaHC(OpMalMIO CBOMCTB a’p0O30Js
[KypasneBa u ap., 2022; Uzhegov et al., 2022; Zhu-
ravleva et al., 2021]. U3aMepeHUs ONITUYECKUX U MUK~
pOo(dU3NIECKUX XapaKTEPUCTUK IBIMOB Pa3IMYHOIO
cocTaBa B OOJIbLION aspo3oiibHOM Kamepe MAO CO
PAH 1o3BoMIN BBISIBUTH TEHASHIIWIO M3MEHECHMUS
COOTHOIIIEHUSI KOPUUYHEBOTO 1 YEPHOIO yIjiepoaa B
MacCOBOM KOHIEHTpAllUM CMEIIaHHBbIX IBIMOB Ha
CTaIuU ILIMOOOPA30BaHUSI U IBYX-TPEXTHEBHOM BbI-
JIEepXKU TIpU YIAbTPadUOJIETOBOM OOJIYyYCHUM U B
temHote [Uzhegov et al., 2022]. Cepust MOIeIbHBIX
pacuyeToB paguallMOHHOTO BO3IEMCTBUS ABIMOBOIO
a’3po30JI51 B 3aBUCUMOCTU OT (DOTOXMMMUYECKOI 3BO-
JIOLMU €r0 OPraHUYECKOi KOMIIOHEHTHhI, YCJIOBMIA
00JIlydeHUsI U TUTIOB TOACTUJIAIONIEH TTOBEPXHOCTHU
(Boma, cMelllaHHBIN Jiec U CHer/Jjiea) rnokasajia, 4YTo
yYBeJIMYeHNE ajbOeNno MOACTHIAIOLICH MOBEPXHOCTU
¥ YMEHBIIIEHNE OIITUYECKOM TOJIIIMHBI a3PO30JISI MO-
XKET MPUBECTH K M3MeHeHMIo 3ddeKTa oxiaxkie-
Husl/HarpeBa. Bb1o o6HapyXeHo, uTo, mpeHebperast
U3MEHUYMBOCTbIO ONITUYECKMX XapaKTepUCTUK opra-
HUYECKOTO a3p030JIs, MOXHO ITepPEOLECHUTh WJIN He-
JIOOLIEHUTh pagualliOHHOE BO3/IEMICTBIE HA BEPXHEM
rpaHuile aTMocgepbl Ha HECKOJIBKO AeCATKOB BT/M2
WA [axe HENpaBWIBHO IIOJNy9UTh ero 3Hak [XKy-
paBieBa u ap., 2022; Zhuravleva et al., 2019, 2021]. C
MOMOILIBIO MOAEIM MEepeHOca XUMMYECKUX BeIleCTB
CHIMERE B coueTaHnu ¢ METEOPOJIOTUIECKOIT MOJIe-
npi0 WRF paccunraHo pampalimOHHOE BO3ICHCTBHE
JIBIMOBOTO a3P030J151 B BOCTOYHOM YaCTU APKTUKH TSI
rnepruoga CUMOMPCKUX MOILLIHBIX NoxapoB 16—31 uross
2016 r. ITonydeHBI MOIEIBLHBIE OLIEHKM CPEIHECYTOU-
HOTO MPSIMOTO PaIMAlIMOHHOTO BO3ICMCTBHUS ABIMOBO-
IO a3p030JIsI B COJTHEYHOM CIIEKTPaJIbHOM JIMara30He
10 JAHHBIM a3pO30JIbHBIX HAOIIOACHUI Ha CTaHLIMU
Tukcu B nepron aHOMaJIbHO BICOKOM KOHIICHTPALIUK
YEepHOIo yIjepojaa B NPU3EMHOM cCJIoe aTMochepbl
(uronb 2014 1.) [Zhuravleva et al., 2019]. ITokazaHo, 4To
CpeIHEMECSTYHbIE 3HAYEHUST pagualluOHHbBIX 3(hdeK-
TOB, OOYCIOBJIEHHBbIE WM3MEHYMBOCTBIO OITUYECKUX
XapaKTepUCTUK (DOHOBOIO a3P030JIsI U KPaTKOBPEMEH -
HBIMM BBIOpOCAaMM YEPHOTO YIJIEPOJA OT JIECHBIX I10-
2KapoB B MECTe HAOJIIOIEHMSI, BITOJIHE COITOCTABUMBI.

HccnepoBaHnuss B a’po30dbHOI jJ1abopaTtopuu
Cankr-IleTepOyprckoro rocyrapcTBEHHOTO YHUBEP-
CUTeTa OXBaThIBAJIM IIMPOKUI CIIEKTP UCCIIeTOBaHUI
u paspaborok [Vlasenko, 2020; Vlasenko et al., 2019;
Volkova et al., 2020; Mikhailov and Vlasenko, 2020;
Mikhailov et al., 2021]. JTabopaTopust BKJIto4aeT Ha-
3eMHbIIA MOHUTOPMHT NUCIIEPCHBIX XapaKTEPUCTUK
a’po30JIeid, UX XMMUYECKOTO COCTaBa U OITUYECKUX
cBoiictB BOm3n CaHkr-IletepOypra. IIpoBomuimock
YCOBEPIIIEHCTBOBAHME a3P030JIbHOTO 000PY10BaHUS
1 paclIMpeHUE TepevyHs U3MepsieMbIX MMapaMeTpOB
aspo3osieii, B YaCTHOCTU: TpaBUMETpUUYECKUE U3Me-
peHust PM 10, omnpeneneHue opraHM4eckoro u sJjie-
MEHTApHOTO YIJIepola, OIlpelelieHrue AUCIIEPCHBIX
mapaMeTpoB a’po30Jieit, n3MepeHne KoadhuimeH-
TOB pacCesTHUSI U MOmIomeHus aspo3ojeil. Ocoboe
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BHUMaHUeE ObLIO YAEJIEHO Pa3BUTUIO U3MEPUTETHLHOM
UHOPACTPYKTYPbl M TIOJYYEHUIO HOBBIX JAHHBIX O
pacnpeaeaeHUU yabTpaMalblx YaCTUIL 110 pa3Mepam
(<100 HM). BblTu TpoBeIeHBI MOJETbHBIE pACUeThl U
MpoaHaJUu3uPOBaHbl TOTCHIMAIbHbIE UCTOYHUKU
3arpsiI3HeHUs C UCTIOJIb30BaHEM Mojieieii pelenTo-
pos. Briepsrie B Poccuiickoit @enepaiinm Obu1 Haja-
JKE€H MOHUTOPUHT U PErYJISIpHbIE U3MEPEHUS COAEP-
KaHus cBepxMaibiXx 4dactull (<100 HM), BaxXHOTO
KOMITOHEHTa YpOaHU3UPOBAHHBIX TEPPUTOPUIL, BIIU-
SIFOILIETO Ha 310pOBbe HaceneHus. [IpoBeaeHHbIE UC-
cllieoBaHus U pa3pabOTKU TO3BOJIMIN HAM U3YyUYUThb
BPEMEHHYI0O M3MEHYMBOCTh KOHIeHTpauuit PM10,
OpPraHUYECKOTO 1 3JIEMEHTApHOro yrjiepojaa B Teue-
Hue 2013—2021 rr. TlokaszaHo, 4TO KOHIIEHTpALIHU
PM10 B Ilereproe 3amMmeTHO HUXE POCCUNCKUX U
€BPOIEHCKUX MpeaebHO JTOMYCTUMBIX KOHIIEHTpa-
muit (ITJIK). 3HauntenbHOe CHIDKEHME KOHIIEHTpPAa-
i PM 10, opraHmdeckoro m 3JIeMEHTapHOTO yTJIe-
pona Haboganock B nepuon ¢ ampens 2020 r. o
ntoHb 2021 T., 4TO, BEpOSITHO, CBSI3aHO C MaHAEeMUYe-
CKUMU OTpaHUYEHUsSIMU. B 11eJ10M, XOTSI U3MepeH-
Hble KOHLIEHTPALIMU a3pPO30JbHBIX BEIIECTB He Mpe-
BBILIIAIOT OOMYCTUMOTO mopora misgd PM10, ananus
JNIaHHBIX TMOKa3biBaeT, uTo IleTepOyprckuii pernoH
HUCIIBITBIBAET CUCTEMATUYECKYIO aHTPOIIOTEHHYIO Ha-
rpy3Ky. Tak, 3uMoI1 3arpsi3HeHHbIE BO3MYIIIHbIE MACChI
COCTaBJAIOT ~69%, 1 TONBKO ~31% ciydaeB OTHOCUTCS
K (OHOBbIM YcliOoBUSIM. B mipuropogHoMm paiioHe
Canxkr-IletepOypra B IleTteprode, rme pacriooxeHa
a’po30yibHasl CTaHIMs, OCHOBHBIMM WCTOUYHUKAMU
a3pO30JIbHBIX YaCTUIl SIBJISIIOTCS BBIXJIOMHbIE Ta3bl
TPAHCIOPTHBIX CPEACTB (OJIU30CTh K KOJbIIEBOI aB-
TOJAOpOre) U OMOoreHHast aKTUBHOCTh JieTOM. B xoson-
Hoe BpeMs rojia (oceHb, 3uMa, BeCHa) BbICOKasi KOH-
LieHTpalus cBepxMaibix yacTuil (<100 HM) nmomaep-
JKMBaeTcsl BbIOpOCAaMM TPAHCHOPTHBIX CPEICTB B
BUJIE TIPOJYKTOB CTOpaHUsi MOTOPHOTO TorinuBa. OT-
HOCHUTEJIbHO BBICOKAsI KOHIIEHTPAIUSI a3pO30JIbHBIX
YacTUIl B JIETHUI Ce30H 00YyCJIOBJIeHA JOTIOJHUTEb-
HBIM BKJIaJIOM B a3P030J1 OMOTEHHBIX UCTOYHUKOB,
00pa3ylollMXx BTOPUYHBIM a’po30Jib B pe3yJibTaTe
¢doToxuMHUYEeCKOf KOHBEPCUM JIETYYUX OpraHuye-
CKMX COeIUHEeHUIA. BbulM M3ydyeHbl CE30HHbIE pac-
MpeneeHUs pacUeTHBIX 1 0ObEeMHBIX KOHLIEHTPALIU A
YacTHUIl TI0 pa3Mepam 3a repuon ¢ sHpaps 2018 1. mo
nexadbps 2021 1. [TokazaHo nmpeobaagaHue YacTHLL C
pa3mepom MeHee 0.1 mxM. PacrnipeneneHue aspososns
Mo oO0beMy MMEET [IB€ MOJIbl: MEJIKOAUCIEPCHYIO
(0.1—1.0 MKM) 1 KpyITHOOUCIIEPCHYIO (>1 MKM).

BaxxHrbie a3p030JIbHBIE UCCIEA0OBAHMS ObUIN IIPO-
BeIeHBI yYeHBIMU 13 MHCTUTYTa APKTUKI M AHTapK-
TUKU. BBUIM MTOIy4YeHbl OLIEHKY MHTErPajJbHOM IpO-
3paYHOCTU U a3PO30JIbHOM ONTUYECKOM TOMIIWHBI aT-
Mochepbl B AHTapKTUAE M IpoaHAJIM3MpOBaHA UX
JIOJITOBpEMEHHAs U3MEHYMBOCTb 3a BECh IEpUOI Ha-
omoneHuii. CpaBHEHUE ITOJTYYEeHHBIX TAHHBIX C OLICH-
KaMU U1 IPYTUX IPUPOSHBIX PETMOHOB U YCIIOBUIA ITO-
Ka3aJio, YTO B ITIeprOAbl 0€3 BO3ICHCTBUS N3BEPKEHMIN
BYJIKAHOB YPOBHM a3pO30JIbHOIO CONIEp:KaHUS B AH-
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TApKTHUIE 34 MOCICIHNE OECATUIICTUS SIBJISIIOTCS MU-
HUMaJbHBIMM Ha IJIaHETEe M MOTYT pacCMaTprBaThCs
KaK mnoOanbHbIe (OHOBBIE XapaKTepucTUku [Ra-
dionov et al., 2020]. YuurtbiBasi 3HauUTEJILHBIE U3ME-
HEHUs KJIMMaTa Ha TJIaHeTe B 1IeJI0M, 0a3bl JaHHBIX U
apXUBBI JaHHBIX 00 OCHOBHBIX KJIMMAaTOOOPa3yIOIINX
XapaKTepuCcTUKax atMocdepsl, coOOpaHHbBIE 3a IJIN-
TeJIbHbIE TIEPUOIbl BPEMEHM B Pa3IMYHBIX PErMOHaX
3€MHOTIO I1apa 1, B YaCTHOCTHU, B MOJISIPHBIX PErMo-
Hax, MpuoOpeTarT 0codyro posb. ITOCKOABKY CyM-
MapHasi COJHEeYHasl paaualusl SIBJISIETCS OMHUM U3
BaXXHEHINX ITapaMeTPOB, BIMSIONINX Ha SHEPTeTU-
YyecKUii OalaHCc cucTeMBbl 3eMiigt-atMocdepa, Oblia
co3naHa 0a3a JaHHBIX €€ YaCOBBIX U CYTOUHBIX CYMM
Ha IISITU POCCUMCKUX aHTAPKTUYECKMX CTaHIIMSIX
(bennuncrayseH, Boctok Mupnsiii, HoBonazapes-
ckas u [Iporpecc). baza BkitouaeT naHHbIe ¢ Hayasa
aKTUHOMeTpuueckKux HabmoaeHuii mo 2019 r. [Cu-
oup u ap., 2021].

VYyensie MI'Y umenu M.B. JlomoHocOBa B co-
tpynHudectBe ¢ [mampomeTrueHnTpom Poccum oneHu-
JI YyPOBEHBb TOPOICKOIO a3P030JIbHOTO 3arpsi3HEHUSI
B MOCKOBCKMM MeETaroJjmce ¢ UCIOIb30BaHUEM MO-
nenbHOl cucteMbl COSMO-ART M MHTEHCUBHBIX
uzMepuTeabHbIx KammaHuii B 2018 u 2019 rr. [Chu-
barova et al, 2022]. beuiu uzyyensr PM10, yepHbIii
yriepon (BC), npeniiiecTBEHHUKU a3pO30JIbHbIX ra-
30B (NO,, SO,, CH,), a Takxxe napameTpbl MeJIKO-
JIVCIIEPCHOTO U IPyOOIMCIIEPCHOTO a3P030JIsI B CTOJI-
0e aTMocdephl, a TaKXKe MHAECKC, XapaKTepU3yIOIIuid
MHTEHCUBHOCTH paccessHus yactuil (IPD). bouta mo-
KazaHa xoppeasiuusg BC ¢ MaccoBbIMU KOHIIEHTpA-
uusmMu NO, u PM 10 u BelpaxkeHHOE yBEJIMYEHUE OT-
Hotenust BC/PM10 ¢ 0.7 o 5.9% nipu CHYDKEHUH WH-
nekca IPD, cBsg3aHHOro ¢ ycuiaeHWEM YCTOMYMBOCTU
arMocdepHoit crpatudukanun. IlomydeHa obGparHas
3aBUCUMOCTB Mexky cooTHomeHrneM BC/PM 10 u anb-
0e10 OMHOKPATHOTO paCcCEesIHUS JIs1 YCIOBUM MHTEH-
CUBHOTO MepeMellnBaHus Bo3myxa. MCIonb3yst MHO-
rojieTHue napaienbHbie uaMmepeHust AOT B Mockse u
B (DOHOBBIX YCJIOBUSIX, OblJla OlLIEHEHA TOPOICKAasl CO-
crapstomast AOT (AOTurb), koTopast coctaBuia 15—
19% ot o611eit AOT npu 550 HM. BBISIBIIEH CyTOUYHBII
LUKJI Topoackoi komMmnoHeHTsl PM 10urb 1 BCurb n
nx Kkoppeysiuus ¢ uuaekcamu IPD. ITpu usmeHeHuun
nHaekca IPD ¢ 3 Ha 1 Houblo HabMIOAAJIOCHh IPUMEP-
HO YeTbIpexkpaTHoe yBeaunueHue PM10urb u Tpex-
KpaTHbIil poct BCurb.

AHaM3 U3MEHEHUI colepXKaHusl a3p030Jis B Me-
puon kKapaHTuHa n3-3a COVID-19 61 IpoBeeH B
[Chubarova et al., 2021la]. CHuxeHuUe BbIOPOCOB
TPAHCIIOPTHBIX CPEACTB B IIEpUONd KapaHTUHA C
30 mapta o 8 nroHs 2020 roma ChITpaio BaskKHYIO POJIb
B CHIDKeHUM (10 70%) KOHLIEHTpALMii MHOTHX I'a30-
o0Opa3HbIX BelllecTB U aspo3oieii (PM10) u B yBenmnue-
HUU colepsKaHUsI MIPU3eMHOro o30Ha (1o 18%). AHa-
JIN3 KOHLIEHTPALU 3arPSI3HSIIOIINX BEILIECTB BO BpEMSI
KapaHTHHA TOKa3ajl ropasfao 6oJjiee IUIaBHLIIA CyTod-
HBII IUKIT 1J11 GOJBIIMHCTBA BEILIECTB M3-3a CHIDKE-
HUSI UTHTEHCUBHOCTHU JOPOXHOTO IBIXKEHUSI, 0COOCH-
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HO B Yachl MUK, MO CPAaBHEHUIO C TAKOBBIM JI0 U T1OCTIe
KapanTuHa. OIHAKO OCOOBIE METCOPOJIOTMUECCKHE
YCJIOBUSI C HU3KUMU TeMIlEpaTypaMu B TIEpUOIbI Ka-
paHTHHA, a TaKXKe HabJtonaemMast aiBeKIUUs IbIMOBOTO
aspo30J1s1 BHEC/IM 3HAUUTEbHBIN BKJIAI B U3MEHEHUE
KauyecTBa BO3IyxXa B 3TOT Iiepuon. AHaimm3 Ko3dduiim-
€HTOB YacTUYHOI Koppesiiuu [TupcoHa ¢ hukcupo-
BaHHBIM TeMIIepaTypHbIM (PAKTOPOM BBISIBUJI CTaTU-
CTUYECKU 3HAYMMYIO OTPULATEIBHYIO KOPPEJSIIUIO
MeXIy MHaekcaMu camousossiiuyu Anaekca (SII), ko-
TOPbIE MOTYT UCITOJIb30BAaThCsl B KAUECTBE MOKa3aTesl
WHTEHCHUBHOCTU JOPOKHOTO ABMXKEHUS, U CYTOYHbI-
MM KOHLIEHTpalMSIMM BCeX 3arpsi3HSIONIMX BEIECTB,
32 UCKJIIOYEHUEM TTPU3EMHOTO 030HA, KOTOPbIi UMEeT
CTaTUCTUYECKU 3HAYMMYIO MOJIOKUTEJIbHYIO KOppesi-
uuto ¢ SII 3a cueT GOTOXUMUYECKUX peaKIIniA.

AbpO30JIBHOE TOPOACKOE 3arpsi3HeHre Hag Mock-
BOI TaKxKe M3y4aloCh C VCHOJNBb30BAHUEM CITYyTHUKO-
BoiX 1aHHBIX MODIS/MAIAC u HazeMHBIX M3Mepe-
Huit AERONET (Zhdanova et al., 2020). His HazeM-
HbIX U3MepeHuit ropoackoit acdext AOT cocTtaBun
okoso 0.02. B nocyienHre roabl roOpoaCcKoii a3po30Jb
Hayajl CHUXXAThCS M3-3a YMEHbBIIEHUST BEIOPOCOB 3a-
IPSI3HSIIONINX BelllecTB. B HeKoTOphIX paiioHax Moc-
KOBCKOM obnactn ropoackast kommoHeHTa AOT co-
craBuia 0.02—0.04, yTo MoXeT OBITh CBSI3aHO C ICii-
CTBUEM MECTHBIX MCTOYHUKOB BHIOPOCOB a3po030Jisi
(ctpouTenbcTBO Ha Tepputopun HoBoit MoOCKBBHI,
ABTOTPACCHI, CEIbLCKOXO3SMCTBEHHAS IEITEIbHOCTD).
Han6Goee BoIpaxkeHHbIE MPOCTPAHCTBEHHbBIE PA3IIN-
yust AOT Ha Tepputopnn MOCKBBEI HaOTIOOAIMCH Ha
ypoBHe 5% xBanTuis (1o 0.05—0.06).

Hemnpsimbie aspo3oiabHbie 2 EKTh UTPAIOT BaxK-
HYIO POJIb 32 CUET B3aUMOJEMCTBUS a’p0o30Jisi C 00-
JIAUHOCTBIO U OKA3bIBAIOT 3HAUYUTEIBHOE BIIUSTHUE Ha
panuaioHHbIN 6anaHc. OHU ObUIY IETATBHO U3Yy4e-
HbI uccinenoBareasimu uz MI'Y umenu M.B. Jlomo-
HocoBa u ITuapomerieHTpa Poccuu ¢ ucnonb3oBa-
HueMm moaeian COSMO, a Takke ¢ IpUMeHEHUEM Ha-
3eMHbIX U CITYTHUKOBBIX NAaHHBIX JJSI TUITMYHBIX
yciaoBuii [Shatunova et al., 2020] u gis ycioBuii Ka-
paHTUHHBIX Mep B mnepumon nanaemuu COVID-19
[Shuvalova et al., 2022]. IToka3aHo, 4TO B IIeprO, Ka-
paHTHUHA, IPU aHAJOTUYHBIX YCIOBUSIX CEBEPHOIt al-
BEKIIMU, HaOI0MAIOCh CHUXXEHUE KOHIIEHTpaluu
Konmyectsa yactull Ha 40—50 cm?® (wim Ha 14—16%),
Mpu yBeJIndeHUU 3(HeKTUBHOTIO paauyca Kamneiab Ha
8% W yMEHBIIEHUN ONTUYECKOM TOIIIMHBI ObJIaKa
Ha 5%, o cpaBHeHUIO ¢ ycimoBusimu 2018—2019 rT.
CoryacHO YKMCJIEeHHBIM KCIIepMMeHTaM HabJjonae-
MO€ CHUXXKEHUE KOHILIEHTpallMU 00JIauHbIX KarleJib Ha
50 cM—3 obecrieunBaeT yBellM4eHNE CyMMAapHOiil pa-
VALY Y 36MHOM MOBEPXHOCTU Ha 5—9 Br/M? (unu
Ha 9—11%) B yCIOBUSIX CIUIOIIHOTO MOKPOBa 00J1a-
KOB IIpY BopocoaepxaHuu ooaakos 200—400 r/m>.

Henpsimbie apdekThl a3p030J1s1 TakKkKe ObLIU U3Y-
YyeHbl ¢ ucrojibzoBaHueM Moxaeaun INMCM48 npu
corpynauuectBe MI'Y ¢c UBM PAH [Poliukhov et al.,
2022]. brta ycoBepleHCTBOBaHa ITapaMeTpU3amus
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B3aMMOJCUCTBUSI a3p030Jisd C O0JaKOM B MOIEIN
INMCMA438. TIpoBeneHa olleHKa BIUSHUS CyJIbQaT-
HOTO a’3po30Jis1 Ha KOHIEHTPAIUIO KOJIUYecTBa 00-
JIAUHBIX Kareiab, 00JaYyHbIii TIOKPOB, CYMMapHYIO pa-
JIVALMI0 U TPOITyCKaHME COTHEYHOM paguanuu o6-
nmakamu. [lokazaHo, 4TO BKIIIOUYEHHE CYIb(aTHOTO
a’po30yisI B MapaMETpM3allMio B3aMMOIEHCTBUSI
a’p030JIb—00J1aK0 00eCIIeYnBaeT KOPPEKTHOE BOC-
MPOM3BEACHUE YBEJIMYECHUsI OO0JAUHOTO IMPOMyCcKa-
Hus ¢ 1980 o 2005 ron B Mmoaenu INMCM48 B cooT-
BeTCTBUM ¢ peaHanu3oM ERA-Interim u maHHBIMM
MOJEIN PEKOHCTPYKIIMHU COTHeYHOoM paguanuu. Co-
[JJACHO NpeABapUTe/IbHBIM OlLIEHKaM, CpedHee IJIo-
OanbHOE pamuallMOHHOE BO3NIEHCTBUE, OOYCIIOBIICH-
HOE HETIPSIMBIM a3p030JIbHBIM 3 (EeKTOM, COCTABIISI -
er —0.13 Br/mM? B 2005 1. mo cpasHeHmo ¢ 1850 1.
bbutn BHECEHBI HEKOTOPHIE YIYUIIICHUS B CXeMY pac-
yeTa €CTECTBEHHOro cylabdaTHOro asposoJjs (DMS)
B kimmatudeckoir momeau WMUBM PAH, kotopbie
00eCneunBaroT JIy4Iliee COOTBETCTBUE MEXIY HOBbBI-
MU MoaesIbHbIMUY olleHKaMu AOT 1 naHHBIMM peaHa-
mi3a CAMS [Chubarova et al., 2021b]. Makcumanb-
HBI (IO aOCOMIOTHOI BEJIMYMHE) pagudallMOHHBIA
3¢ deKT NpUpOTHOro Cyab(aTHOro a’po30Jisl Ha-
OrofgaeTcst HaJ MOPCKUM MO0epeKbeM AHTAPKTUIbI
M3-3a BICOKMX KOHIeHTpauuit DMS, rie cpemHero-
nmoBoe 3HaueHne RFE (radiative forcing efficiency)
cocrasnsier —0.14 Br/m? (1o —0.45 Br/m? B gauBape).
CpenHeromoBoe Do0aJIbHOE 3HAYCHNE pagualliOHHO-
ro addekra cyiabparHoro aspo3onsa 3a 2005 r. co-
craBisier —0.36 Bt/M? ¢ HEGOIBIIMMU CE30HHBIMU
n3MeHeHusiMu. B 1iesiom, nonsa RFE 3a cuet npupon-
HOTO cyiIb(daTHOro asapo3ost paBHa 20%, omHAKO Ha-
OJII0MAIOTCS €€ 3HAUYUTEeJIbHbIE CE30HHBIE KOJIeOaHUsI
¢ MaKCMMYMOM B sSTHBape, Korga oHa gocturaet 37%.

PangnannoHHbIN KJIMMAaT U OCOOEHHOCTU ecTe-
CTBEHHOI OCBEIIEHHOCTU B MOCKBE ObLIY U3y4YeHBI
MO JAHHBIM MHOTOJIETHUX U3MEPEHUI B METEOPOJIO-
rudeckoit oocepBaTopuu (MO) MI'Y [Gorbarenko,
2019, 2020]. C 2021 rona 8 MO MI'Y HayaTsl BBICO-
KOKAa4eCTBEHHBIC U3MEPEHUSI C UCTTIOIb30BAaHUEM aB-
ToMatuueckoii cranuuu RAD-MSU (BSRN) ¢ no-
MOIIIbIO pa3paboOTaHHOIO MPOrpaMMHOI0O obecreye-
HUS [JIsl BU3yalIM3alud W 0OpabGOTKM HJAaHHBIX
U3MEPEHUI, BKITIOUAs OLIEHKU KPUTEPHEB KayecTBa
nmaHHBIX [Yybaposa u ap., 2022].

Pa3paborana HoBasg Moaeiab PEKOHCTPYKIIMU KO-
POTKOBOJIHOBOTO COJHEUHOro usaydeHus [Volpert
and Chubarova, 2021]. AHanu3 BpeMEHHOI U3MEH-
YUBOCTU COJIHEYHOIM paguanuu, OOYCIOBJICHHOM
pa3nuYHBIMU (hakTopaMu, Haa TeppuTopueii CeBep-
Hoit EBpasun (40—80° c.m1, 10° 3.1. — 180° B.11) moka-
3aJ1, 9YTO B OOJILIMMHCTBE ClIydyaeB HaOomaeTcs TeH-
JIEHLIMS K ee yBeaundeHuto ¢ 1979 roga, 4To B OCHOB-
HOM OOBSICHSIETCSI WU3MEHEeHUSIMU 3PEHEKTUBHOTO
KOJIMYeCTBa 00JIaKOB, 3a MCKIIIOUEHUEM 3arpsI3HEeH-
HBIX paiioHOB pernoHoB Cubupu u Kuras, a Takke
HeKoTophix MyHKTOB B CeBepHoii EBporie, roe mpe-
o01amano BIUSTHAE a3p030JIbHOTO0 (haKkTopa.
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BrinosHeH KOMIUIEKC uccieloBaHUi MO U3Mepe-
HUSIM U pacuyeTaM Y@ paguanyu. BpemeHHas usMeH-
yuBOCTh 3puTeMHOI Y® panuannu (Eery) Han CeBep-
Hoit EBpazueit (40—80° c.m1., 10° 3.1. — 180° B.1.),
o0ycJIoBJIeHHas1 O0IIMM coaepkaHueM o3oHa (X) u
00J1a4HOCTbI0, OblJIa OlLIEHEHA C UCTTOJIb30BaHUEM pe-
aHamm3a ERA—Interim, CIIyTHUKOBBIX M3MEpEHUM
TOMS/OMI 1 XUuMHUKO—KINMATUIECKON MOIEIN
MNBM-PI'MY 3a nepuon 1979—2015 rr. [Chubaro-
va et al., 2020]. Kpome Toro, ciieiaH IIpOrHO3 U3Me-
HeHus YO paguamuu go 2059 r. [Pastukhova et al.,
2019]. Ans ycnoBuii sicHOro HebGa BECHOW M JIeTOM
HaOJTIOMaroTCs TTOJIOXKUTEIbHBIE TpeHnbl Eery, (+3%
3a JIeCcATUJIETUE) 3a CUET CHUXEHUS 030Ha, CBSI3aH-
HOTO, TJIaBHBIM 00pa3oM, ¢ yBeJIMUYeHEeM BHIOPOCOB
030HOpAa3pylIaIIUX BelllecTB. B nononHeHue, Byi-
KaHUYECKMIi a3p030Jib U TeMIIepaTypa IMOBEPXHOCTHU
MODS$I TaKKe UTPaloT BaXKHYIO POJib B MHOTOJIETHUX
n3MeHeHustx Eery. s cpemHMX yclnoBuii 061a9HO-
ctu 1o ganHbiIM ERA-Interim 1 TOMS/OMI Han
tepputopueii Boctounoii EBporbl, Cudupu u Cese-
po-BocTouHoii A3um HabGawogaroTcs 0oJjiee BbIpa-
JKEHHbBIEC MOJIOKUTEbHBIC TpeHObl Eery (1o +5—8%
3a JIeCATUIETHE) U3-3a CHUXKEHUS ColepXKaHUs 030-
Ha 1 obJayHOoCTU. B TO e BpeMsi 1o JaHHBIM XUMU-
KO-KJIMMAaTUYECKOTO MOJIEJIMPOBAHUS MaKCHUMallb-
Hblii poct Eery coctaBun Bcero +3—4% 3a necatue-
tne. HabGmomaemoe yBenudyeHue Eery mpuBeno K
3aMETHOMY COKpallleHUIO TuUiolaau ¢ YO-ontumy-
MOM J1J1s TUTIOB KOXu 1 u 2, ocobeHHO B amnpeJie, Ha
Tepputopun EBpaszuu. B To ke Bpems B LIEHTpaJib-
HBIX apKTUYECKUX permoHax cHuxeHue Eery B utose
MpUBEJIO K U3MeHeHU10 Y@ pecypcoB ¢ “U30bITKA
YO®O-uznyyeHus” Ha “ontumMyM Y®—usiayyeHus”
st TuoB Koxu 2 u 3 [Chubarova et al., 2020].
Ouenku nporHo3a Eery ¢ 1979 mo 2059 r., cBune-
TEJIbCTBYIOT O HEJIMHEMHOM XapakTepe M3MEHEeHUs
ob1ero conepxkanust o3oHa u Eery B 21 Beke. 3Haue-
Hust Eery 3a 2016—2020 rr. Ha 2—5% BEIllIe, YEM €ro
3HauyeHus 3a 1979—1983 rr. B cpenHeM mo Bceit Ce-
BepHOit EBpasnu (¢ MakcuMyMoM B 6% B TIOJISIPHBIX
mupotax). Ouu BelpaBHUBaioTcda B 2035—2039 rr., a
3ateM K 2055—2059 rT. 1ocTeneHHo cHuXaroTcs (1o
cpaBHEeHUIO ¢ nokazareasiMu 1979—1983 rr.) Ha 4—
6% nns Asum v Ha 6—8% mitst CeBepnoii EBporbl. K
cepenrHe 21 Beka Takke HaOJMIOHAIOTCS pa3Inyus B
MPOCTPAHCTBEHHOM pachpeaeieHuun yabTpaduose-
TOBBIX PECYpPCOB, OCOOEHHO BECHOU U JieTOM. DT
paznyus MPOSIBISIIOTCS B pacIlliMpeHUU 30H ¢ Aehu-
LIUTOM YJIbTPaUOJETOBOTO U3TYyYEHUSI HA CEBEPE U
COKpaIlleHUU 30H C U3OBITKOM YIbTPahroeTOBOIO
n3naydyeHus Ha ore [Pastukhova et al., 2019].

B Cubupu mHorosietHue usmepenus Y®-B pagua-
mu Ha ctaHuyy TOR MAO CO PAH 3a2003—2016 1T,
OBLJIM MCIOJB30BaHbl ISl U3YYEHMs] B3aMMOCBSI3U
Mexay Y®D-usiydeHHMEM U BIUSIONIMMU Ha HETO
dakropamu, Takumu kKak OC o30Ha, 06am1 00JIaKOB,
onTUYecKasi TONIIIMHA a3p030JIsI U alb0elo MOBEpX-
HoctH [Belan et al., 2020, 2021]. IToka3ano, 4TO B
YCIIOBUSIX YMCTOM aTMOocdephl TIpU ICHOM Hebe yBe-
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mmaeHne OC o3oHa Ha 1% TPUBOAUT K CHUKEHUIO
cpenHero ypoBHs1 Y®-B nznydyenus Ha 1.45%. Cpen-
Huit Bkiaag AOT B usMeHeHUEe CYTOYHOTO ITPUTOKA
Y®-B usnyyenust cocrtapisieT 4.3—10.9%. O6nau-
HOCTh MOXET YMEeHbIIUTL YD-u3aydyeHue B CpeaHeM
Ha 0.7—28.7%. YBenuueHue aap0eIo MOACTIIIAIOIEN
MMOBEPXHOCTHU CITOCOOCTBYET yBelnYeHUI0 YD-B u3-
ydeHus B cpenHeM Ha 4—8% mipu OC ozonHa 300—
400 e JI. u Ha 9—13% nipu OC o3onHa 400—500 e. /1. mpu
3eHuTHOM yriie CojiHIIa B auanasoHe oT 52 1o 68°.
B nHu co cBexxeBbITaBIieM cHeroM yBemueHne UV-B
M3Jy4eHUs] MOXeT gocTurarh 66%. Paspaboran Ho-
BBIIi JETEKTOP YILTPa(UOJIECTOBOIO WU3JIYYECHUS Ha
OCHOBE HCKYCCTBEHHBIX HAHOKPUCTAJIJIOB MEpUKIIa3a
(MgO) [Tentukov et al., 2022]. B nocinegHue roasl B
®doHOBOIT 0O6cepBaTOPUM paclLIMPEeH HAbOp u3dMepsie-
MBbIX ITApaMeTPOB, KOTOPhIE Teleph BKIIIOYAIOT U3Me-
PEHUSI KOPOTKOBOJIHOBOTO U3TyYEeHUS U PaauallMOH-
Horo OajaHca B nuarazoHax 0.3—2.8 u 4.5—42 Mkm
[Belan et al., 2022a]. IToka3aHo, YTO CYyTOYHBII paguaiii-
OHHBII1 6a1aHC coctapiseT 1.20 + 1.18 MJIxx/M? ¢ HOs10-
psI TIO MapT, KOrAa MOBEPXHOCTh 3eMJIU TTOKPHITA YCTOM-
YMBBIM CHEXXHBIM TIOKPOBOM, 1 8.83 + 4.49 MJIxx/Mm? ¢
Masl TI0 CEHTSIOpb, KOrAa MOBEPXHOCTH CBOOOAHA OT
cHera. B mepuon cTabMJILHOTO CHEXKHOTO TIOKpPOBa C
JIeKa0bps MO MapT CYyTOYHOE MOIIOIIEHUE COTHEUHOM
paguanyy OBEPXHOCTLIO He MpeBbIIano 2 MIIx/m?,
B TO BpeMsl KaK B JICTHUI MEPUO OHO KOJIe6aaoCh OT
10 o 25 MJIx/m? [Belan et al., 2022b].

HayuHo-nipousBoacTBeHHOE 0ObeauHeHUe “Taii-
¢yH” pa3pabdoTayno JuaapHyo ceTb AK-3 st 30HAU -
pOBaHUSI MapaMeTPOB cpelnHeil aTMocdephl Ha IJIU-
Hax BosrH 308, 3551 532 M [Ivanov et al., 2020]. CeTtp
OCHAllleHa JIMAApHBIMU CTaHOUsIMU Pocrumpomera,
Ha OCHOBE U3MEPEHUI KOTOPBIX ObLI IIPOBEACH LINKII
WCCIIENOBAaHUIL  XapaKTepUCTUK CTPaToc(epHOro
aspozoiisi. B [Korshunov, 2022; Korshunov and
Zubachev, 2021] OBIIO TIpOBEACHO MCCIIEOBaHUE
MHOTOKPAaTHOTO PacCesTHUs JIa3epHOTO U3JTy4eHUs B
MEpUCTHIX 00IaKax. br10 mpoBeneHo cpaBHEHUE pe-
3yJIbTATOB MOJICJIMPOBAHMS C SKCIIEPUMEHTAITLHBIMU
JaHHBIMU. Pe3ysibTathl M3MEpPEeHUI ITapaMeTpoB Iie-
PUCTBIX 00JIAKOB C UCITOJIb30BAaHUEM JIByXBOJIHOBOTO
MOJISIPU3ALMOHHOTO JIMJapa Ha JIMHAaX BOJH 355 u
532 M B O0OHmHCKe (55° c.r.) ¢ 2012 mo 2020 r.
npenctasiieHbl B [Grebennikov et al., 2022]. Ucche-
JIOBAJIMCh TaKXKe M3MEPEHUS BYJIKAHUYECKOIO adpo-
30JI51 B cJioe ¢ 13 mo 18 kM mocie n3Bep:kKeHUs ByJIKa-
Ha Paiikoke (Kypuiabckue octpoBa, 48.29° c.ii.,
153.25° B.A.) Ha TUOAPHBIX cCTaHLUSX PocrugpomeTa
B O6HMHCcKe, 3HaMeHcKke, HoBocubupcke u IleTpo-
nasjioBcke-Kamuarckom B utoHe 2019 r. BausiHue
COJIHEYHOI aKTUBHOCTHM Ha a3p030Jib CpeaHe aTMO-
ceprl Mo TaHHBIM JIMITAPHBIX HAOTIOACHWI Ha IJIN -
Hax BoJiH 532 1 355 um B O6HuHCKe ¢ 2014 mo 2018 1.
obcyxnaercs [Korshunov and Zubachev, 2022]. B
HUXXHEN cTpaTtocdepe B mepuon ot 0 1o 2 AHEH mocie
MarHUTHOM Oypu OBLIO OOHApPYXKEHO B CpeIHEM He-
3HauuTeJbHOE (~7%) yMeHblIeHNe 0OpaTHOro pac-
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CESIHUSI, YTO CBSI3aHO C PE3KUM YMEHBIIIEHUEM ITOTO-
Ka TaJlaKTUYEeCKUX KOCMUYECKUX JIydyeil. 3a ColHeU-
HO-TIPOTOHHBIMHM COOBITUSIMU C 3ama3ablBaHUEM B
3—8 mHell cieayeT yBeJMYeHUE OOpaTHOIO paccesi-
HUS aspo3osist B nuana3oHe oT 20 mo 70%. Pesynbra-
ThI TUJAPHBIX HAOIIOACHWI Ha JJIMHE BOIHBI 532 HM
B O0onuHCcKe 3a riepuor ¢ 2012 mo 2021 . mpencrasiie-
HBI B [Korshunov, 2021]. OHu nmpogeMOHCTpUpOBa-
JIU, YTO MAKCUMYMBbI a3p030JisI CBSI3aHbI C U3BEPKe-
HUSIMM BYJIKAHOB 1 JICCHBIMMU IToKapaMu. OTMEUeHO,
YTO B HEKOTOPBIX 3MU304aX J0OaBICHUE THIMOBOIO
aspo3soist K AOT Ha BeicoTe 10—30 KM K TUIIMYHOMY
cTpaTocepHOMY a3pO30J110 MPUBOAUT K JTOITOJTHU-
TeJIbHOMY pocTy Ha 50—150%. B To ke BpeMmsi, B cpej-
HEroJ0BOM BBIpaXXeHUM 3Ta JoOaBKa B CpeIHEM 3a
2014—2021 rr. coctasisieT okojo 10%.

B uccnenoBanuu [Kulikov et al., 2019] 6p110 MO-
Ka3aHo, YTO COJTHEUHOE U3JIYyYCHUE C JJTMHOMN BOJTHBI
121.6 HM MOXeT TTPUBOAUTH K 0OPa30BaHUIO 3aMeT-
Horo kojuudectBa H,O, BHYTpU 4YacTULl MOJSIPHBIX
Me3ocdepHbIX 001aKOB. B 3T0i paboTe BriepBbIe ObI-
JIV TIPOBeIeHBI KOMIUIEKCHBIE M3MEPEHMs 00pa3oBa-
Hus H,O, BHyTpu ToHKUX (50 HM) 00pa3110B Jbaa 13
H,0 u H,0 : O, c noMol111p10 BaKyyMHOTO YjibTpadhu-
0JIETOBOI'O M3JIy4eHUs ¢ JJIMHOM BOJHBI 121.6 HM B
IIMpOKOM auanasoHe Temrieparyp (20—140 K).

4. IMCTAHIIMOHHOE 3OHANPOBAHUNE
ATMOCODEPDBI

B OA CO PAH, naunnas ¢ 90-X IT. IpOIILJIOTO
B€Ka, NPOBOJUTCS JIMIAPHbBIA MOHUTOPUHT CpeaHE
aTMocephl IJIs1 UCCIeAOBaHUSI OCOOEHHOCTEM MoBe-
JIEHUST a3PO30JIbHOM KOMIIOHEHTHI U TEMIIEPaTypPHO-
ro pexuma. Ilo nmumapabiM maHHbBIM 2011—2021 rr.
IIpoBeIeHa OlIeHKAa N3MEHUYMBOCTHU ColepKaHus (po-
HOBOTO a3p030JIs B cTpaTochepe Ha OCHOBE MCIIOJIb-
30BaHUS ONTUYECKUX napaMeTpoB [MapuueB u bou-
koBckuii, 2020; Marichev and Bochkovskii, 2022a].
BoisiBiieHa ycToiyMBasi TeHASHLIMS MaKCUMaJbHOTO
HaIoJIHeHUs1 HUxXHeu ctpaTtocdepsl (10—30 km) do-
HOBBIM a3pO030JIEM 3MMOM, MaJIbIM COIEpPXKaHUEM,
BILIOTH 1O IIOJIHOTO OTCYTCTBUS, JIETOM U IIPOMEXKY-
TOYHBIM 3HAY€HMEM C YOBIBAHMEM BECHOI M POCTOM
oceHblo. B BepxHeii ctpaTocdepe (30—50 kM) poHO-
BBIi a3P030JIb B JIETHUM MEPUO/ rojla MPaKTUIeCKu
OTCYTCTBYeT. TeM caMbIM ITOKa3aHa BHYTPUIOIOBAsI
HMUKJIAYHOCTh HAIIOJTHEHUS cTpaTocdephl 3aragHoi
Cubupu GOHOBBIM a3P030JIEM.

IIpennoxeHa ONTUKO-JIOKALIMOHHAS MOIECIb CTpa-
TocepHOoro asposoist 3anamHoit Cubupu s pas-
HBIX CE30HOB M Mecd1eB roga [MapuyeB u np., 2022].
IIpu cpaBHEeHMU TIPEATIOXKEHHOM MOAEIU C U3BECT-
HBIMU BBISIBJIEHO HECOOTBETCTBUE ITOCIEIHUX Peajlb-
HOMY COCTOSIHUIO CTpaToC(hepHOro aapo30s 3amnaj-
Hoiit COUpH, YTO B CBOIO OYEPEIb MOXKET IIPUBOIUTH
K ITpyOBIM ITOTPEITHOCTSIM pacyeTa JUAApHbIX CUTHA-
JIOB M ocitabiaeHus paguannn. B pabore [Uepemmncun
n ap., 2021] npencraBiaeHbl pe3yabTaThl JUIAPHBIX
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HaOI0IeHU a’pO30JbHOIO HAMOJHEHUS BepxHeit
Tponocdepsl U cTpaTochephbl MUPOKYMYISITUBHBIMHA
BBIOpOCAMM a3p030Jieii TOpeHUs OT ToxapoB B Cu-
Oupu, MpoBEeNEHHBIX Ha TeppuTopum 3anagHoit Cu-
oupu, B Tomcke, B TeueHue aBrycrta 2019 r. I[TonyueH-
Hasi nH(opMaIUsl paclIupsieT 3HaHUsI 00 UCTOYHU-
Kax HaIoJIHEHMSI cTpaTocdephbl a3po30JieM U, B UTOTE,
MOKET UCTIONb30BaThCs [I7151 60JIee TOCTOBEPHOM OLIEH-
KU BJIMSTHUS 3TOTO a3p030JIs Ha KJIMMar.

B nunapHoM MccnenoBaHUU TEPMUUECKOTO PEXKU-
Ma ctparocdepbl Ham TOMCKOM BEISIBICHO €XKETOI-
HOE TPOsIBJIEHWE 3UMHUX BHE3aIHbIX cTpaTocdep-
Hbix noterieHuid (BCIT). Kak mokazaja ctatucTuka
HaOJIOASeHUM, 4Yalle MPOUCXOAST ciadble (MHUHOP-
Hele) BCII B oTimuue OT CWIBHBIX (Ma>KOPHBIX).
BCII ortnnyaroTcsl KaK Mo IJIUTEIbHOCTH IPOSIBIIS-
HUS — OT HECKOJIBKUX AHEH 10 Mecsilia U 0oJiee, Tak 1
10 aMIUIUTYJE MOJIOKUTEbHBIX OTKJIOHEHUI OT cpel-
HEMECSIUHBIX 3HaYeHU 1j1st MaxkopHbix BCIT ¢ mak-
cumyMoM 1o 60° K. BeicoTa cTpaTomnay3sl IpU CHITb-
HbIx BCIT MoxxeT omyckaThbes 10 27 KM (CTaHmZapTHasI
BoeicoTa: 50—55 kMm). It pernona 3anagHoii Cubupu
JUTS1 JUTUTEJTbHOTO MEPUO/IA rojia arpesib — HOSIOpb B IO~
JIABJISIOIIEM OOJIBILIMHCTBE CTy4aeB BEPTUKAJIBHOE pac-
npeaesieHue TeMIlepaTyphbl XOPOIIIO COITIaCyeTcsl C pac-
TpeneeHeM o MexmayHapomnHoit Momemn CIRA-86
[Marichev and Bochkovskii, 2020, 2022b].

Ha Cubupckoii numapHoii ctanuuu MOA CO
PAH B aBrycre—okxts16pe 2017 r. 3aukcupoBaHbI
crparocepHble a’po30JIbHbIE CJIOM HEeBYJIKaHUYE-
CKOT'O IPOMCXOXACHUSI, oTHOLIeHue paccessHus R(H)
KOTOPBIX B MAaKCMMyMe€ Ha JIJIMHE BOJIHBI 532 HM 10-
crurajio 5.8. IlocTpoeHHbIE OOpaTHbBIE TPAaeKTOPUU
JBVKEHUST BO3AYIIHBIX MacC MOKa3aju, YTO MUCTOY-
HUKOM 3THUX a3pO30JbHBIX CJI0EB B cTpaTocdepe Hal
TomckoM, IBUIIMCH KaHaJICKue JecHble moxapbl Ce-
BEPHOIT AMEPHKM, KOTOPbIe UMEN MECTO B Cepeiu-
He aBrycra. 3a cueT MUPOKOHBEKIIMU TTPOIYKTHI TO-
peHunst 6oMacchl OBUIM MOMHSITHEI HA cTpaTocepHBIS
BBICOTbBI U PACTIPOCTPAHUIIMCH 1O BCEMY CEBEPHOMY I10-
Jyliraputo. Hanuue pe3ynbTaToB JIa3epHOTO 30HINPO-
BaHMs Ha JIBYX JJIMHAX BOJIH 355 u 532 HM jgajio BO3-
MOXHOCTb 0oJiee TIOJTHO MpOoaHaIM3UpOBaTh AUHA-
MUKY HaOJI0IaeMbIX aHOMAJbHBIX a3pPO30JbHBIX
CJIOEB, a TaKXe Ha OCHOBE 3THUX JAHHBIX MOJYYUThb
KayeCTBEHHYIO MH(OpMalIMIO O pa3Mepax a3po30Jib-
HBIX YacTUll, (POPMUPYIOLIUX 3TU CJIOU. AHANIU3 pe-
3yJbTaTOB HAOJIONEHUIT HA OCHOBE TMapaMeTpa AHT-
cTpeMa, MO3BOJIUII TTPEAIOJIOXUTh, YTO €0 3HAUCHUE
11t poHOBOTO aHCcaMObJIsl paccerBalOIIUX a9PO30Jib-
HBIX YaCTHUIL Ha BbIcoTax 16—19 kM mpuMepHo 2.8, a
BbIlIe (Ha BbicoTax 23—25 KM) mpuOIMXKaeTcs K ye-
TeipeM (X = 3.6—3.8). Ha BbIcOTaX JIOKaTU3aIluu BbI-
paXkeHHBIX a3PO30JIbHBIX CJIOEB €TI0 3HaYeHUE JOCTU-
raet enuHuibl (X = 1) [HeB3opos u np., 2019].

B 2019-2022 rr. HayyHasa rpynma WOA
M. A.M. ObyxoBa PAH npomoikuia ucciegoBa-
HUSl cocTaBa aTMocdepbl CHEKTPOCKOTTMYECKUMU
METOolaMU U NoJy4yuia cieayouiue pe3yabratsl. [1o-
JIydeHbl YTOUHEHHbIE OLIEHKU TPEHIOB OOIIIEro Cco-
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nepxxaans CO B pa3HBIX paitoHax EBpa3nn i, B yacr-
HocTH, Poccuu. YcTaHoBneHO 3aMeJIeHUE CKOPOCTH
cHuxkeHuss OC CO B ¢oHoBbIx paitoHax EBpazuu
[Rakitin et al., 2020]. YcTaHOBJIEH BKJIaa KJIMMaTU4e-
CKMX MU3MEHEHU B Mpoaoskatolieecs cHkeHue OC
CO B Mockse [Pakutun u np., 2021]. UcciemoBaHo
BJIMSTHUE METCOPOJIOTUUECKUX YCIIOBUIA HA CHUKECHUE
KOHILICHTpALNii OCHOBHBIX aTMOC(EpPHBIX 3arps3HU-
Teneil B MockBe B iepuo ASUCTBUS JTIOKIAyHa BO Bpe-
mst rmangemun COVID-19 B 2020 1. [Ckopoxon u Ap.,
2022].

Pa3zpaboran MHOro(yHKIIMOHAIBLHBINA IIPOTpaMM-
HO-BbIUMCIUTEIbHBINA KoMmiulekc TROPOMI tools,
TMO3BOJISIIOIINUI MTPOBOIUTH aBTOMaTUYECKU cOOp,
00pabOTKy U aHAJIU3 U3MEPUTEIbHBIX JAaHHBIX HE-
CKOJIBKNX KOCMMYECKMX CHUCTEeM MOHUTOPUHTA
(MODIS, AIRS, OMI, TROPOMI). Pesynbrars
anpo6anmu TROPOMI tools onmy0imKoBaHbBI B HE-
cKonbKMX padorax [Pakutun u np., 2021; Ckopoxon,
U ap., 2022]. BellmosTHEHBI BAIMAALIMOHHbBIE UCCIEI0-
BaHUsI U3MEPEHUI HOBEUIIIEro OpOUTAILHOTO CITeK-
TpOMeTpa BBICOKOTO MPOCTPAHCTBEHHOTO pa3pellie-
Hust Sentinel-5P TROPOMI HazeMHBIMU CHEKTPO-
ckormyeckumu gaHHeiIMu MDA PAH B myHKTax
MockBa u 3BeHuropon (3BeHUTOpoOACKas HayIHas
cranuus - 3HC) o tTporocepHOoMy U cTpaTtocdep-
Homy coaepxanuto NO, u OC CO. ITosyueHs! xapak-
TEPUCTUKU COOTBETCTBUSI MEXIY OpOUTAIbHBIMU U
Ha3eMHBIMU CIEKTPOCKONUYECCKIMU U3MEPEHUSIMUA B
3aBUCHMOCTA OT IIPOCTPAHCTBEHHOIO pa3pellIeHUS,
00JIaYHBIX YCJIOBUI, CE30HOB, HAOIIOMAEMBIX YIJIOB,
BBICOTBI morpaHu4IHOro cjiost atMmocdepsnl (ITCA). Io-
JIy4eHHBIE XapaKTepUCTUKU COOTBETCTBUS HAXOMSITCS
B XOpOILIEM CONIaCUU C pe3ylbTaTaMU Balufalivuv
TROPOMI paHHBIMA MEXIyHApOOHBLIX HaOIIona-
tesbHBIX ceTeii NDACC, MAXDOAS, Pandonia mo
NO,, NDACC u TCCON mo CO.

BrirmosrHeHBI conmocTaBlIEHUS M Baluaalus OpoOu-
TaJIbHBIX U3MEPEeHUIi oO1Iero coaepxanust NO, mpu-
6opoMm OMI 1o usmepenusim 10 cranuumit NDACC B
nepuoa 2004—2020 rr. IMoayyeHbl OLICHKU JIUHEi-
HbIX TpeHIoB OC NO, Ha yKa3aHHbIX CTaHLIUSIX, a
TaK:Ke OLIEHKM Ce30HHOI 1 IIMPOTHOM 3aBUCUMOCTU
XapakTepucTuK conocrasieHust usMepeHuit OC NO,
OMI 1 nmyakroB NDACC. Husa myakra 3HC Takke
MOJIYyYeHbl XapaKTePUCTUKHA COOTBETCTBUSI OpOM-
TanbHBIX U3MepeHuii OMI HazeMHBIM HaHHBIM I10
TpornochepHOMY U CTpaToc(hepHOMY COAEPKAHUIO
NO,; yCTaHOBJIEHO COOTBETCTBUE TPEHIIOB TPOIIO-
chepHOro u CTpaToc(EepHOro CoAaep>KaHUs, MOJY-
YeHHBIX Ha ocHOBe naHHBIX OMI n n3amepennit 3SHC.
st npyrux 9 cranumiit NDACC, n3aMepsioImnx TOIb-
ko OC NO, cooTBeTCTBME MEXAY TpeHAaMU, MOy~
YyeHHBIMU 1Mo JaHHBIM OMI 1 Ha3eMHBIX TYHKTOB, B
LIEJIOM HAMHOTO XY3Ke.

B MDA PAH nponmoikaeTcs pa3BUTHE U YCOBEp-
IIEHCTBOBAHME HA3€MHOIO METOJa MHOIOYIJIOBOM
mnddepentmanbHoii ciekrpockormu (JIOAC) ompe-
nenenus coupepxanusi NO,, H,CO u gpyrux xumnue-
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cku aktuBHBIX ra3oB B IICA. B 2016 roaoy rpyimmna
NDPA PAH npuHsia ydacThe B MeEXIYHApPOMTHBIX
CpaBHEHUSIX TPUOOPOB 1 MeTOAUK udMepeHust NO, u
npyrux razoB MetogoMm JJOAC — CINDI-2. Ha cpas-
Henmsix CINDI-2 Ovlmu TipencTaBiieHBI 36 CITeK-
TPpaIbHLIX TIPUOOPOB OT 26 pa3IWYHBIX HAyYHBIX
rpynn. B cratesax [Kreher et al., 2020; Wang et al.,
2020] paccMaTprBaroTCs pe3yIbTaThl CpaBHEHWIT METO-
JIMK BOCCTAHOBJICHUS TAKX XMMMYECKI aKTUBHBIX Be-
LIECTB, BIMSIOLINX Ha XUMUIO 030Ha, Kak NO,, O,4, O;,
H,CO, HNO,. Ilo pe3ynpTaTam cpaBHeHUii chopmy-
JIMPOBaHbI PEKOMEHIAIIY T10 PEXXMMaM U3MEPEHU U
nmapameTpam o6paboTku uamepeHuii merona JJOAC.

ITo pesynpratam Haomomenuit Ha 3HC MDA
PAH u 8 MOA CO PAH (r. ToMcCK) IoJIydeHBI OLIeH-
KM BpeMeHHo# n3MmeHuuBoctu OC dopmanbpaeruaa
H,CO [BbpyukoBckuii u ap., 2019]. [NokazaHo cyiiie-
CTBOBaHUE CTATUCTUYECKU 3HAYMMOTO TOJIOXKUTETb-
aoro TpeHma OC ¢popmambaernga B 3aBUCUMOCTH OT
Temnepartypbl ipu 7> 5°C B 060MX ITyHKTaX Ha0I10-
neHuii. HabmonaeMbIil MOJIOXUTEIBLHBIN TpEeH I, T0-
BUIUMOMY, CBSI3aH C POCTOM OMOTEeHHBIX BEIOPOCOB
MU30IIpeHa W Ap. HEMETAHOBBIX JIETYYUX OpraHuye-
CKUX COSAUHEHUI C POCTOM TeMITepaTyphbl, a TaKKe
IUTOIIAACH JIECHBIX U TOPGhSIHBIX MOoXapoB. B Bo3-
IYITHBIX Maccax, npuxoasinnx Ha 3HC n3 MockBHI,
HaOogaercsl ycroitunBoe TpeBbilieHHe OC  dop-
Masberuaa B cpeqHeM Ha 0.4 £ 0.1 % 10'° cm—2 mpu no-
JIOXKUTENIbHBIX TeMmeparypax 1 Ha 0.8 & 0.2 x 100 cm 2
MpU OTPUILATEIBHBIX TeMIlepaTypax. HecmoTps Ha
3HAYUTEIBHYIO YIAJIEHHOCTh OT MOCKBBI, HaOJIIO1a -
emble Ha 3HC 3HaueHus B neiaom Ha 10% Bblle Ha-
omonaembix B Tomcke. ITo HaGmoneHusiMm B ToMcke
cTaTUCTUYECKM 3HaumMmoe TmpesbiiieHue OC dop-
MajbAeruaa Mpyu BeTpax C HaIlpaBJIEHWsI OCHOBHOI
roponckoit 3actpoiiku (3.24 + 0.3 x 10'° cMm~2) Benu-
YUH, HAOMIOAAEMBIX IIPU APYrUX HaIpaBIeHUSIX
(2.63 £ 0.2 x 10" cM~2) 3apMKCUPOBAHO TOJIBKO MIPU
TemIieparypax Baiiie 25°C.

O061a9HOCTh M a3P030J1b OKA3hIBAIOT CYIIIECTBEH-
HOE BJIUSTHUE Ha BO3MOXHOCTU BOCCTAHOBJICHUSI CO-
JIepXXaHUsI MaJIbIX Tra3oBbix cocTapisomux (MI'C)
(NO,, H,CO u np.) B HUXKHelt Tponocdepe MeToaa-
mu JIOAC. ITockonbKy nMeeTcsI 00IbII0N 00beM OII-
Tnyecknx HabmoneHuit metogoM JIOAC, xoTopbie
HE COIIPOBOXIAIOTCS IIPSIMBIMU M3MEPEHUSIMU MX
XapaKTepUCTUK, peIIeHUEe 3adayud ONpeaeaecHUs
CBOICTB OOJIAYHOCTU M a3p030Jid IO CaMHUM CITeK-
TPpaJIbHBIM U3MEPEHUSIM MOLJIO OB IIOBBLICUTh TOYHOCTH
n3MmepeHuss MI'C. B nmuxie pador [Chulichkov et al.,
2021; Nikitin et al., 2019, 2020; Postylyakov et al.,
2020b,] paccMaTpuBaloOTCS 3amauM OIIpeIeIeHIS Xa-
PaKTEepUCTUK 00JaUHOCTU (HIKHSS TpaHULIA, ONITH-
yecKasl TOJIILA U IP.) M a3p030Js (onTUYecKasl ToJla
U [Ip.) MO XapaKTepUCTUKAM U3MEPEHHOIO pacCesiH-
HOTO COJIHEUYHOTO M3IydyeHHs (OIITMYecKas TOJIIIA
O,, MHJIEKC LIBETHOCTH, a0COJIOTHASI UHTEHCUBHOCTD
u ap.). B kauecTBe METOIOB pellIeHMST BOZHUKAIOIINX
HEeJIMHEMHBIX 3a7a4 OLIEeHUBAHUS UCIIOJIb3YIOTCSI Me-
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TOIBI MAIIMHHOTO OOY4YeHMsI: MCKYCCTBEHHBIX HEM-
POHHBIX CceTell U caydaliHOro Jieca.

Ha xadenpe dusuku atmocheps! u B JIabopato-
pUM HUCCIIENOBAaHUSI 030HOBOIO CJIOSI M BEpXHEH arT-
Mmocdepsr CIIOIY nmpoBomdTcst mccienoBaHus pas-
JIMYHBIX IapaMETPOB aTMOC(HEPhI, B TOM YHCJIE U €€
ra3oBOro COCTaBa, ¢ MTOMOIIbIO HA3€eMHOI1 anmapary-
pul B YO, sunumoii, MK u MKB o6actsx criekrpa.

Hao6aromarenpHas cranuust CIToI'Y B Ileteprode
OCHallleHa CITIeKTpaJbHBIM KOMITJIEKCOM Ha 6a3e Dy-
pre-cnekTpoMeTpa Bruker IFS 125HR. PerynsipHeie
U3MEPEHMUs CITIEKTPOB coiHeuHoro MK-uznydyeHus ¢
2009 1. TTO3BOJISIIOT UCCIEA0BAaTh BpeMEHHBIE BapHra-
1y OC 1 31eMEHTOB BEpTUKAJILHOM CTPYKTYPHI pa3-
JIMYHBIX KJIIMMATUYECKM M SKOJOTMYECKM BaKHBIX
MI'C atmocdepsl. Mcrionp3oBaHne Ha3eMHBIX M3MeE-
peHUIT HapsiAy CO CITyTHUKOBBIMM MO3BOJISIET U3YYaTh
MPOCTPAHCTBEHHO-BPEMEHHbIE BapUallii COIEpXKa-
Husg MI'C, a Takke OLIECHMBaTh MX JIOJTOBPEMEHHBIC
tpeHabl [TumodeeB u np., 2020a]. IIpumeHsembie
METOIMKM WHTEPIIpETAllMd HAa3eMHBIX CIIEKTPajib-
HBIX U3MEPEHUI TIOCTOSTHHO COBEPILICHCTBYIOTCS IS
JIOCTVKEeHUST 00Jiee BBICOKOM TOUHOCTU U OTHOPOIHO-
cTu usMepeHuii [Buponaiinen u ap., 2020a, 202006;
IMomsaxos u ap., 2019, 2020; Polyakov et al., 2021].

3a nepuon 2019—2022 rr. npoBeaeHbl KOMILIEKC-
HbIe MCCJIEIOBAaHUSI IIPOCTPAHCTBEHHO-BPEMEHHbBIX
Bapuauuii OC paznuuHbix MI'C ¢ ncnonb3oBaHuEM
Ha3eMHBIX U CIIyTHUKOBBIX U3MEPEHUIA, a TAKXKE pe-
3yJbTAaTOB YUCJIEHHOTO MOACINPOBAHMS B OKPECTHO-
ctax Cankr-IletepOypra [Buponaitnen u ap., 2021;
Hepob6enoB u ap., 2020, 2022a, 20226; HukuteHKO
u ap., 2021; Tumodeen u ap., 2019; Nerobelov et al.,
2021, 2022; Polyakov et al., 2020, 2021]. 3mepu-
tenbHas craHuus CII6IY yyacTBoBaja B KOMILJIEKC-
HBIX BKCIEPMMEHTaX MO BaJIUIallMM CITYTHUKOBBIX
n3mepennit mpuobopom TROPOMI OC dopmanbre-
runa [Vigoroux et al., 2020], a taxske merana n CO [Sha
etal., 2021]. U3mepenuss CO, HCN u C,H, 6611 uc-
TOJIb30BAHBI JJIs1 ONIPEaeJICHUST U UCCIeTOBaHUS 3a-
IrPSI3HEHUST BO3AyXa OT JIECHBIX MOXAapOB B palioHax
ApKTHUKY U cpeaHux mpoT CeBepHOTro ITOIyIIapus
[Lutsch et al., 2020].

MN3yuyena nHdpopMaTuBHOCTh HazeMHbIX MK-u3-
MepeHUl OTHOCUTEILHO 3JIEMEHTOB BEPTUKAILHOI
ctpykryphl psina MI'C [Buponaitnen u op., 2022; Tu-
ModeeB u ap., 20206]. B pesynabraTe mpoBeaecHHBIX
WCCIIENOBAaHUI MOJaydYeHa HoBasgd HMHGopMauus o0
9JIeMEHTaX BEePTUKaAJbHOTO pacHpelesieHUus Coaep-
>kaHus o3oHa, CO, u HNO;, mpoBeaeHbl conocTasie-
HUSI Ha3eMHBIX U CITyTHUKOBBIX U3MEPEHUIi C TaHHbI-
MU YHCJICHHOTO MojaeiavpoBaHus [bopmoBckas u ap.,
2022; BupomnaitneH u ap., 2022; HukuteHko u mp.,
2022; TumodeeB 1 ap., 2021]. ITomyueHs! pe3yirbTa-
TBI 10 OMIPENIEICHUIO BePTUKAIBHOTO pacIipeaeaeHUS
MeTaHa B Tporocdepe 3anagHoit Cuoupu [Makapo-
Ba u 1p., 2020].

C ucnomnp3oBaHneM crnekTpoMeTpoB OceanOp-
tics, BBIMOJHSIOIIMX 36 HUTHBIE U3MEPEHMSI IPU HU3-
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kux ymiax ConxHua B YO u BU/1-061acTax criekTpa,
¢ nmomo1ipio MeToauk JJOAC nmpoBoasSTCS NCCIEN0-
BaHus conepxanust NO, u ux amuccuii B [leteprode
U B okpecTHOCTsIX Meramnoauca CaHkT-IleTtepOypra
[Monos u ITob6eposckuii, 2020; Ionov et al., 2022].

HNccaenosanusa B oonactu HazemHoro M KB 30H-
mpoBaHust atMocdepsl B CII6I'Y Onim Hampasite-
Hbl Ha COBEPIIEHCTBOBAaHME METOIMK MHTEepIpeTa-
1 usmepeHuit paaruomerpa RPG-HATPRO, 30H-
JUpoBaHUEe 00Ja4HON aTMocdephl, oIpeaecHUe
BJIarocoiepKaHus U Bogo3ariaca o0akoB [ bupiokos
u Kociuos, 2019; Kostsov et al., 2019, 2020].

B pamkax eBpomneiickoit mporpammbl VERIFY B
CIIoI'Y B 2019—2020 rr. 66111 IPOBEIEHBI MOOUIIb-
Hble nu3MepurenabHble Kamnanuu EMME (Emission
Monitoring Mobile Experiment) ¢ ImoMoIIbO Ipu-
o6opoB Bruker EM27/SUN, a Takxke MOOMIBbHBIX
JOAC-u3mepenwuii. IIporpamma Oblia BEITTOJTHEHA
MEXAYHApPOMHbIM  KOJIJIEKTUBOM  COTPYIHUKOB
CII6T'Y (Poccus), Karlsruhe Institute of Technology
(Germany) u the University of Bremen (Germany). B
X0Jle KaMMaHU# ObLIM MOJIyYeHbl TaHHbIE O pacipe-
neneHUr BOKpyr Meraronuca CaHkr-Iletepoypr OC
metaHa, CO, CO, u NOx [Makarova et al., 2021].
IIpoBeneHHbIE W3MEpEHUsI TIO3BOJIWJIM  OLIEHUTH
yIEJIbHbIE U UHTETPATTbHBIE SMUCCUU BaXKHEMIIIETO aH-
TPOIIOTeHHOTO NMapHUKoBoro raza — CO, B Meranosuce
Cankr-IletepOypra [Hepoobenos u ap., 2021; Tumode-
eB u 1p., 20208, 2022; Ionov et al., 2021; Makarova
et al., 2021]. UamepeHus MoKa3ajiy CylIeCTBEHHOE 3a-
HUKEHUE aHTpoIroreHHbIx aMuccuit CO, B Merarnosnu-
ce Cankr-IleTepOypra mo maHHBIM WHBEHTapU3alln-
OHHOro Metona. Takxe ObLIM MPOBEIEHBI COMOCTAB-
JIEHUS1 Pa3IMYHBIX CIIyTHUKOBBIX uaMepeHuii XH,O0,
XCO,, XCH, u XCO ¢ Ha3eMHbIMU U3MEPEHUSIMU B
pamkax riporpamMmmbl COCCON [Alberti et al., 2022].

IMpomomkeHbl TUCTAHLIMOHHBIE U3MEPEHUSI OITH-
YeCKUX Y MUKPOGU3NUIECKUX TTapaMeTpoB aTMocdep-
HOTO a3p030J1s ¢ ToMolkio armmapatypsl CIMEL 1 1o-
KalbHBIX H3MepeHuit BOau3u CaHkT-IleTepOypra
[Bimacenko u np., 2019; BonkoBa u ap., 2020].

ComecTtHO ¢ I'TO npomokanuch UCCaeqOBaHUS
Bapuaumnii OC 030HA ¢ UCHOIb30BAaHUEM CIIEKTPO-
doromeTpa dobcoHa m o3zoHoMeTpa M-124 B TOM
YICJIe CPaBHEHUS pa3InYHbIX Ha3eMHBIX MU3MEpEHU
OCO [Hepob6enoB u ap., 2022a; Nerobelov et al.,
2022]. IlpoBeneHbl MepBbie MOMBITKA MHTEPIIpeTa-
LMY U3MEPEHUI HOBOTO POCCUIICKOTO 030HOMETpA
YOOC misa monyyeHusa paHHbeix no OC o30Ha
[Monos u Ilpusainos, 2021].

B pa6orax [YcTtuHOB 1 11p., 2019, 2020] KoJieKTUB
HITO “TaiicdyH” mpenctaBul pe3yabTaTbl cUCTeMa-
tyeckux (2003—2017 rr.) uamepenuit OC u cpenHeit
TT0 BBICOTE KOHIIEHTPAIIMY MeTaHa U OKWCH yIiiepoa
Ha AHTapkTudeckoit crtaHumm HoBomasapesckas ¢
HCIOIb30BaHeM AU(PaKIIMOHHOTO CIIEKTPOMETpa C
paspemenrem 0.2 cm~!. 3a epuon u3MepeHuii cpen-
HsIs 0 BbIcOoTe 0ObeMHas koHueHTpauusi CH, u CO
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cocrapuia (1663 x 34) ppb u (37 + 8) ppb, cooTBeT-
cTBeHHO. [1prBeneHBI OLICHKU TPEHIOB U XapaKTepy-
CTHK CE30HHBIX Bapyalliii U pe3yIbTaThl COIIOCTABIIE-
HUS C Ha3eMHBIMU U CITYTHUKOBBIMU JAHHBIMU.

B ®I'BY “I'TO” nponmoikaercst obecrieueHue pa-
0O0THI HA3eMHOM 030HOMeTpuYecKoii cetr Pocruapo-
MeTa. HaGmonenus Ha 28 craHIusIx Beayrcs ¢ 1973 1.
[ConomaTHMKOBA 1 11p., 2020, 2021, 2022]. OToenbHO
MPOBENEeH aHAU3 ISl CTAHLIMI APKTUYECKOTO PErr-
oHa. Ha 12 craHuusX mpomoirKarmoTcs M3MEpEHUS
sputeMHoll Y® paavanuu. 3HaAYUTEIbHYIO POJib B
oOecrieueHU Ha3eMHBIX U3MEPEHUi urpaer Kajiuo-
POBKa U3MepUTeIbHOM anrapatypsbl. [IpuBsizka 030HO-
MeTpoB M-124 K MUpOBOIA IIIKAJIE OCYIIECTBIISICTCS ITy-
TE€M PEryJISIpHbIX KAIMOPOBOK MO 3TAJIOHY O30HOMET-
pudeckoil cetu Pocrumpomera (CriekTpodoToMeTp
Ho6cona Ne 108).

Ilponomxarorcss paboThl MO IIEPEOCHAIICHUIO
o30HOMeTpudeckoir cetu Pocrmapomera. B xome
ONBITHOI BKCIUIyaTalliM HOBBLIX CHEKTPOMETPOB
YOOC, npenHasHAYE€HHBIX [IJIsI KOMITJIEKCHBIX W3-
MEpEHUl CIeKTPaJIbHOTO COCTaBa cymMMapHoii YOP
U O01Iero coiepkKaHusl 030HA, YCOBEPILIEHCTBOBAHBI
nporpaMMHoOe obecIieueHue, METOIbI KAJIMOPOBKY U
pacuetra OC o30Ha.

AHanmn3 Ha3eMHBIX HaOMoAeHU Ha 38 eBpoIIeii-
CKMX CTaHIIMSIX TTO3BOJIMJI OLIEHUTh PEeaKILUIO0 030HO-
Boro cJios1 Han EBpomnoit Ha 3KcTpeMaabHOE UCTOIIEe-
HUE 030HOBOTO cnosi B Apktuke B 2020 r. Exxeromto
MOITOIHSIETCS MaccuB maHHBIX 00 OC 030Ha, IOCTY-
NalUi ¢ POCCUMCKUX aHTAPKTUYECKUX CTaHLWNA
(AAHW W) Mupnnbiii, HoBonaszapesckas u Boctok u
C Hay4yHO-3KcneauuuoHHbIX cynoB AAHMMN. o Ha-
yayia 2000-X I'T. Ha aHTAPKTUYSCKUX CTAHLIUSIX OTME-
yajach yCTOMYMBAS TEHACHIIMS YMEHBIIICHUS O0IIIe-
ro colep>XaHMWsI O30HA aHTAPKTUYECKON BECHOM, B
HacTosIIIee BpeMsI HabIromaeTcst TCHICHIINS BO3Bpa-
LIEHUS COJIeP>KaHUsI 030HA K 3HAYSHUSIM, XapaKTep-
HBIM JIJTl TIEpUOA, PEAIIECTBYIOLIETO IIPOSIBJIEHUIO
s dekTa 030HOBOI AbIpbI [Cubup u ap., 2020].

C 1972 1. I'maBHas I'eousznueckass oocepBaTopus
uM. A .M. BoeiikoBa ydyacTByeT B MEKIyHapOTHBIX
MporpaMmax ria00ajibHOro (®OHOBOTO MOHUTOPUHTA
coctaBa armocdepnl (IIporpamma InobGanbHOI
ciyx0bl atMmocepsl — 'CA BMO). B Hacrosiee
BpeMs UcciiefoBaHUsT MapHUKOBBIX ra3oB (I1I') Bxo-
JIISIT B 00sI3aTeNIbHYIO TporpaMmy HaOJIIoJeHU Ha
CTaHIUSIX (DOHOBOrO MOHUTOPHWHTA, a JaHHbIE POC-
CUNCKUX CTAaHLIUI MPEACTaBISIOTCS B MEXIyHapO/I-
HbIE HEeHTPHI HJaHHbIX [BaxoB u ap., 2019; [Tapamo-
HOBa u ap., 2020].

B paoote [Kulikov et al., 2020] 6p111 cOTIOCTaBIIC-
Hbl 3HA4YeHUsI 15 KOHBEKTHMBHBIX MHIEKCOB, MOJIY-
YEHHBIX 110 OMHOBPEMEHHO U3MEPEHHBIM PaINO30H-
JIOBBIM I MUKPOBOJIHOBBIM IIPOMUIISIM TeMIIEpaTypPhl
¥ BoasiHoro napa Hag Huxaum HoBropomom B Teue-
HHE 5 KOHBEKTUBHBIX ce30HOB 2014—2018 rr. g
OOJIBIIMHCTBA MHIIEKCOB Obli1a OOHapyXeHa BhICOKAs
koppeauus (¢ koaddunmenramu ~0.7—0.85).
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B pa6ote [benukoBuy u ap., 2019] onucax mare-
MaTUYECKUIA anmapar MeToJa ONTUMAJIbLHOMN OLIEHKU
JUJISI BOCCTAHOBJIEHUSI Mpoduiieid TeMrepaTypbl TpO-
nocgdepsl (0—10 KM) Mo paaoMeTpUIECKUM JaHHBIM
C mapamMeTpu3alneil MICKOMBIX IIpoduIeii B BUAE pa3-
JIOXKEHUS 110 MU PUIECKIM OPTOTOHAIBHBIM (DYHK-
LUSM, TIOJy9aeMbIM ITyT€M CHHTYJISIPHOIO aHajIu3a
KOBapuallMOHHOM MAaTpMIbl JAaHHBIX PaaMO30HIO-
BbIX UBMEPEHUIA.

B pa6ore [Belikovich et al., 2021] npoaHaiu3upoBa-
HBI pa3Idyuusl MEXKAy HaOIogaeMbIMU U CMOIEIAPO-
BaHHBIMJA MHUKPOBOJIHOBBIMU CIIEKTPaMU TEILJIOBOTO
u3nydeHus atmMocdepsl B nuarnaszone 20—59 I'Ti, mo-
JIydeHHBIMU B pesyibTaTe 0ojiee yeM 4-JIeTHUX Ha-
3€MHBIX MUKPOBOJIHOBEIX U PaII030HI0BbIX HAOJIIO-
neHuii Hang HrzkHum HoBropomoMm. B nocienyromeii
pa6ore [Belikovich et al., 2022] 6bu10 ITOKa3aHO, YTO
HMCIOJIb30BaHME TEXHUYSCKU O0Jiee CIIOXKHON MOoIe-
JIY TIOIJIOIIEHUS, OCHOBAaHHOI Ha IIPUMEHEHUU (DOp-
manm3Ma ECS, mo3BoJisieT MUHMMU3UPOBATh CUCTE-
MaTUYECKOE pacCcorylacOBaHUE MOAETUPYEMbBIX U U3-
MepeHHbIX crekTpoB 10 0.6 K.

Pesynbratel pa3spaboTKu MOOUJIBHOTO TBEPIO-
TEJIbHOTO MUWKPOBOJHOBOTO CIIEKTPOpaguoMeTpa,
paboTalolIero B 5-MM I10JIOCE MOMIOIIEHUSI MOJIEKY-
JISPHOTO KUCJIOpoa, MpeacTaBiieHbl B padoTte [IIIBe-
oB u 1ap., 2020].

5. AHTPEITPETALIMA .
CITYTHUKOBLIX USMEPEHUUA

HccnenoBanus 10 IIMPOKOMY KPYT'Y COBPEMEHHBIX
Mpo0JIeM CITyTHUKOBOTO TUCTAHIIMOHHOTO 30HIUPO-
BaHus atMocdepsl (JI3A) u roacTuiaioneii moBepx-
HOCTH IIPOBOAMNJIMCH B CIICAYIOIIMX HAIIPpaBJICHUAX!

1. CriyTHHMKOBAS 1IeJIeBas alraparypa, KalnopoB-
Ka 1 BaJWOAILMs CITyTHUKOBBIX TaHHBIX M MHDOpMa-
IIMOHHBIX TTPOAYKTOB.

2. OnpeneneHUe xapakKTepUCTUK aTMoOchepbl U
MOJACTUIAIOIIEH MOBEPXHOCTU MO AAHHBIM CITyTHU-
KOBBIX U3MEPEHUI B pa3IMIHBIX CIIEKTPAIbHBIX 1A~
IMa30Hax.

3. Ucnonbp30oBaHNUe JaHHBIX CIIYTHUKOBBIX M3Me-
peHuii 1 MHGOPMALIMOHHBIX IIPOAYKTOB I U3yde-
HUS pa3/IMYHEIX IIPOLICCCOB U SIBJICHUI B aTMocdepe,
OKeaHe U Ha cyllle, B 3aJaJyaX YMCJIEHHOTro IIPOTHO3a
noroasl (YITIT) 1 kMmMaTnyecKnX UCCaeTI0BaHUSIX.

3a OTUETHBIN Teprod TPYIIUPOBKA OTEUYECTBEH-
HBbIX METEOCHYTHUKOB OblJIa MOIMOJIHEHA 3a CYeT 3a-
IMyCcKa HOBBIX TOJISIPHO-OPOUTANIbHBIX (11/0) U Treo-
cTallMOHapHBIX KocMmuyeckux armapatoB (KA) ce-
puit “Meteop-M” u “BDaexrpo-JI”.Kpome TOTO,
28 pepang 2021 r. Ha BBICOKODJUIUIITUYECKYIO Op-
outy tTiuna “MonHust” 3anyieH KA Apkrtuka-M Ne 1,
MEPBBIA M3 CO31aBAEMOU BBICOKORJUIUIITUYECKON
TUIPOMETEOPOJIOTUUECKO KOCMUYECKON CUCTEMBbl
“Apxktuka-M”, cMm. [AcMmyc u 1p., 2021], TOIIOJIHSIO-
et n/o u reocralluOHapHbIE METEOCNTYTHUKHU B Ya-
CTU ONEPaTUBHOTO TOJYyYEHUS] B KBa3UHETNPEPbIB-
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HOM peXMMe TUAPOMETECOPOJIOTUUYECKUX JAHHBIX TT0
ApPKTHUECKOMY PETHUOHY 3eMJIH.

K mepBoMy HampaBieHUIO MOXHO OTHECTH 0030p
HCCIIENOBAHW TIO KOHTPOJIIO OOPTOBOI panvoMeTpu-
YeCKOI KaJIMOPOBKH LIeJIEBOI armapaTypbl OTEUECTBEH-
HBIX OIEPAaTUBHBIX MeTeocnyTHUMKOB [Rublev et al,
2019], BBITTOJHEHHBIX B paMKaX MOJIEPHU3ALIUU CO-
3gaHHOl B HHU LI kocMuyeckoil TiapoMeTeopoIOoTun
“ITnanera” (kpatko HUII “I1nanera”) cucreMsbl Ka-
JIMOPOBKY/BaIUAALIMU CITYTHUKOBBIX JAHHBIX U TTPO-
nykToB. MHGOpMaILIMOHHBIE 1 TEXHUYECKHE XapaK-
TePUCTUKU runepcrnekrpaibHoro MK-3onauposiiu-
ka (MK dypbe-criektpomerpa) MKDC-2 3a nepuon
4-neTHelt aKcrutyatauuy Ha 6opty Meteop-M Ne 2,
BKJIIOYasi TIOTPEIIHOCTU pPaJIuOMETPUUYECKO U
CIIEKTpaJbHOI KaanOpOBOK, obcyxkmaiorcsa B [Timo-
feev et al., 2019]. Pe3ynbrarsl ncciaenoBaHus KoBapya-
LIMOHHOW MaTpullbl 1ymMa B usMepeHusix MKPC-2
npenctabieHbl B [KosnoB u ap., 2022]. M3yuyeHue
KJIMMaTUYeCKMX U3MEHEHU 3eMJIM Ha OCHOBE aHa-
Jiu3a CIeKTpOB yxongiiero TeruioBoro MK-uznyue-
HUSI, PETUCTPUPYEMbIX Pa3JIMYHON CITyTHUKOBOK ari-
napatrypoi, TpeOyeT TIIATeJIbHOW B3aMMHOIM Kainmo-
poBku TipubopoB. B pabote [KozmoB u np., 2019]
onucaHa B3auMHasl KaiubpoBka Dypbe-CIeKTpo-
MeTpoB SI-1 (ycTaHaBIMBaJIMCh Ha CIyTHHKaX “Me-
Teop-28” u “Meteop-29~, 1977 u 1979 rr.) u UKDC-2
(KA “Meteop-M” Ne 2), HeoOxonumas 1J1s1 aHaIu3a
n3MmeHeHuit UK-crekTpoB atMocdepsl 3a TIpomien-
mue 40 ner. B crarbsax [3abonorckux, 2021; 3abo-
Jorckux U banamosa, 2021] npuBeaeHO omnucaHue
MeTola B3aMMHON KaauOpOBKM MUKPOBOJHOBOTO
pamuomerpa MTB3A-I'l Ha 6opTy KA “MeTteop-M”
Ne 2-2 B BocbMU KaHalax cKaHepa (Iuarra3oH 9acToT
10.6—36.5 I'Ti) ¥ MUKpPOBOJHOBOTO pagloMeTpa
AMSR2 (KA GCOM-W, JAXA).

Pan nmyonmkanmit crrermmanuctoB CIIOIY mmocss-
IIeH BaJuJallMU Pa3IMYHBIX CITYTHUKOBBIX UHMOP-
MalMOHHBIX MpoAayKToB I 3A, a Takxke CpaBHECHUIO
Ha3eMHbIX U CITYTHUKOBBIX METOIAOB W3MEpPEHUIA.
Taxk, B padote [Kostsov et al., 2019] ocymiecTBiIeHBI
CpaBHEHUS OIIEHOK KOJIMYECTBA KMOKO-KaIleJIbHOM
Bombl B obsrakax (cloud liquid water path) mist Teppu-
Topuu CeB. EBpoIThl MO TaHHBIM Ha3eMHBIX MUKPO-
BoiHOBBIX (paguoMmeTp RPG-HATPRO) u cniyTHuU-
KOBBIM  (pagroMeTphl uMamkepsl SEVIRI u
AVHRR) usmepenuii. B padore [bopmoBckas u p.,
2022] ipoBeneHO COMOCcTaBIIEHNE N3MEPEHMTIT BEpTH-
KanbHBIX TIpoUIeH coaepKaHusI 030Ha B aTMocde-
pe Cankr-IlerepOypra ¢ moMoIIbi0 HA3€eMHOTO MH-
¢dpakpacCHOTO CHEKTPOCKOIIMYECKOTO MeToda U
CITyTHUKOBOTO MUKPOBOJIHOBOTO MeToAa (anmapary-
pa MLS/EOSAura) 3a nmepuon 2018—2020 rr. AHanmu3
TouHoctu omnpeneneHuss OC o30Ha II0 JTaHHBIM
NK®C-2 KA Meteop-M Ne 2 BeIIIOJIHEH B paboTax
[Nerobelov et al., 2022; Polyakov et al., 2021].

Heckonbko cTaTeit MOCBAIIEHBI pe3yJbTaTaM
CPaBHEHMST HA3€MHBIX U CITYTHUKOBBIX CIIEKTPOCKO-
nuyeckux usmepenuit OC CO, (XCO,). B cratbe
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[Buponaitnen u np., 2020] mpoBemeHO coItocTaBie-
Hue HazeMHBIX (Dypbe-cniekTpometp Bruker 125HR)
n cnyTHUKOBBIX (criektpomerp OCO Ha 6opty KA
OCO-2) usmepenuii XCO, Bommu3u Cankrt-Iletep-
oypra. CpaBHeHUSI Ha3eMHBIX U CIYTHUKOBBIX (ar-
napatrypa ACE) uaMepeHuii conepKaHus yIieKKUC-
JIorO rasa B Tponocgdepe u crparochepe [ HukureH-
Ko 1 ap. 2022] mokasajio, 9To MexXOy IBYyMs TUTTaMH
M3MEepEeHU HaOJIIomaeTcsl Xopollee cormacue. Pe-
3yJbTaThl CPaBHEHUSI CIIYTHUKOBBIX (IO AAHHBIM
KA Sentinel-5P) u Hazemubix (cetu TCCON wu
NDACC-IRWG) CcIeKTpOCKONMYECKUX U3Mepe-
Huit cogepxxanus CH, u CO B armocdepe npuBene-
HEI B [Sha et al., 2021]. [TorpenrHoctu pe3yi1bTaToB
TEeMIIEPaTYPHO-BIaXHOCTHOTO 30HIMPOBAHUS aT-
Mocdepsl o JaHHBIM UKD C-2 KA Meteop-M Ne 2
olicHeHBI B cTatbe [Puneit u ap., 2019].

HMccnenoBaHust Mo BTOpOMY HaMpaBjJeHUIO B MO-
cJieIHUE TONbl XapaKTepU3yeTCsl aKTUBHBIM UCTIOJb-
30BaHMEM aJITOPUTMOB HeMpOHHBIX ceTeit (ANN B
AHTJIOS3BITHOM JINTepaType) UM MAIITUHHOTO O0yJe-
Husa (MO).

3HauyuTeIbHOE BHUMAHUE B OTYETHBIM Mepuon
YAEASJI0Ch TPAAULIMOHHOM 3a1a4e CITyTHUKOBOI Me-
Teoposiornu [YcneHckuii, 2021] — pa3BUTHIO METO-
JIOB CITyTHUKOBOIO MOHUTOPHHTA TlapaMeTpoB 00J1ay-
HOCTU U ocankoB. OOIIMe TeXHOJIOTMYECKUE aCIEKThI
npuMeHeHust anroputMoB MO mig KnaccupuKain
00JIaYHOCTU U BbIIEJIEHUS] CHEXXHOI'O TTIOKPOBa MO JaH-
HBIM paguoMeTpoB-uMamkepoB KA cepuit Meteop-M,
BOnekrpo-JI u Himawari paccmoTtpensb! B [ KpamapeBa
u ap., 2019]. O630p pazIMYHBLIX METOAOB (ITOPOTO-
BBIX, C MCIIOJIb30BaHueM ajropuTMoB MO) gucraH-
LIMOHHOTO OIpPeNeIeHUs XapaKTePUCTUK 00JIa4YHOTO
MOKPOBa M OCAJIKOB MO JaHHBIM PaIMOMETPOB -UMa-
JIKEPOB C I/0 U reoCTallMOHAPHBIX CITYTHUKOB Tpe/l-
craBiieH B pabore [BoskoBa u ap., 2021]. B crarbe
TakXe aHaJIU3UPYIOTCS pe3yabTaThl BaluIalluud
CIIYyTHUKOBBIX ITPOJIYKTOB, MOJIyUeHHbIE B pe3yJibTaTe
CpaBHEHUS C HA3eMHBIMU METEOPOJIOTUYECKUMU Ha-
OMIONEHUSIMU U HE3aBUCHMBIMU CITYyTHUKOBBIMU
olieHKaMu. K 3Toi1 ke TeMaThKe OTHOCSITCSI CTaThbU
[Argpees u ap., 2019; BonkoBa nu KoctopHas u np.,
2020; BonkoBa n Kyxapckuii, 2020; ®uneii, 2019,
2020a; Yypcun u Kyxesckast, 2022]. B cratbe [Kyu-
Ma u HlammiroBa, 2022] mpeaiioXeH aJrTOpUTM JIeTeK-
TUPOBaHUs OO0JacTeil TymMaHa Mo JaHHBIM U3MeEpe-
Huit panuomerpa—umamkepa AHI ¢ reoctanimonap-
Horo KA Himawari-8. B pa6otax [Kyuma u ap., 2022;
®duneit, 20206; ®uneit 1 Mapenuo, 2021] paccMoT-
pPEHbI HOBbIE aJITOPUTMbI TUCTAHLIMOHHOTO OIpenese-
HUS TTapaMeTPOB MOPCKOT'O a3p030J1s1 U BYJIKAHUUYECKO-
TO TIeTIa Mo JAHHBIM U3MEPEHUIN paarioMeTPOB-UMA]I-
>KEPOB I1/0 U TeOCTallMOHAPHBIX METEOCITYTHUKOB.

Cneuunanuctet MOA uMm. B.E. 3yea CO PAH
IIPOBEJIM CEPUI0 MCCIACOOBAHUI MO CIIYTHUKOBOMY
MOHUTOPUHTY TapaMeTpoB objlauHoCTU. B pabGote
[AcTtadpypoB u np., 2021a] Ha OCHOBe pe3yILTaTOB
KJ1accuUKauK OOJIAYHOCTH O HAHHBIM CITyTHHU-
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KOBBIX paguoMeTpoB -umamkepoB MODIS/EOSTer-
ra u VIIRS/S-NPP paspaGoraHbl CTaTUCTUYECKUE
MOJIEIM XapaKTepPUCTUK (ONTUYeCcKas TOJIIHA, 3¢h-
¢dexTUBHBIN paauyc 4YacTull, BoJO3arac, BbICOTa
BI'O) o6iauHoro nokposa 1js 14 TUIIOB 00JaYHbBIX
oOpa3oBaHuit Hag TeppuTopueii 3arn. Cubupu B JI€T-
Hee BpeMs. CornmacHo [ActadypoB m ap., 20210],
yKa3aHHbIE MOJIEIM MOTYT OBITh MCIIOJIb30BaHbI IS
rapaMeTpr3alny U ydyeTa BIUSTHUSI 00JIaYHOCTH B 3a-
Jayax KJIMMaTUYeCKOTO MOJAEJIMPOBAHUSI Ha TEPPU-
topum 3an. Cudbupu. B crarbsax [CkopoxonoB u Ap.,
2022a, 20226] npennoxeH anroputm ANN 11t o1ieH-
KM BBICOTHI HIDKHEM T'PaHMIIBI OTHOCIOMHOM 00J1au-
HOCTHM Hap Tepputopmeii 3an. Cnbupu 1Mo JaHHBIM
MODIS, npuuem g ooydeHust ANN ucrnosib3oBa-
HbI B KayecTBe 3TajloHa JaHHbIe CITyTHUKOBOTO JIM-
nmapa CALIOP (KA CALIPSO), panuonokatopa CPR
(KA CloudSat) um HaGaoneHUSI Ha3eMHOIl ceTu
ASOS. B crarpsax [TapacenkoB u mp., 2021a, 20210;
Tarasenkov et al., 2021b, 2022] pa3paboTaHbI 1 anpo-
OUpOBaHBI AJITOPUTMBI OLICHKUW pa3Mepa 00J1acTu
BJIUSIHUSI Pa30pBaHHOM OOJAYHOCTM Ha pe3yJabTar
BOCCTaHOBJIeHUs M0 maHHBIM MODIS xoadduiim-
€HTOB OTpakeHUsI 0e300JIaYHBIX YJYaCTKOB 3E€MHOM
MMOBEPXHOCTU IIpU HAOJIIOASHUU 4Yepe3 IIPOCBETHI B
MoJie pa3opBaHHOM 00JIaYHOCTH.

O0630p paboT MO Pa3BUTHIO METOHOB U CPEACTB
(COBpeMEHHBIX M NEPCIIEKTUBHBIX) TeMIIepaTypHO-
BJIAXKHOCTHOTO 30HAMpoBaHus atmocdepnl (TB3A)
CO CITyTHUKOB BBITIOJIHEH B [ YcrieHCKMA U ap., 2021].
HaHo KpaTKoe OonucaHue CYIIECTBYIOIINUX U TIJTaHU-
PYEMBIX K 3aITyCKy aTMOC(HEpHBIX 30HAMPOBIIUKOB, a
TaK:Ke aJITOPUTMOB M TEXHOJIOTHI 00pabdOTKM CIYT-
HUKOBBIX maHHBIX. Mcronb3oBanue anroputMoB ANN
TS onmydeHus: mponykToB TB3A 110 maHHBIM MUKPO-
BojiHOBOro paguomerpa MTB3A-T'Yl paccMoTpeHO B
[@Puneit u ap., 2021, 2022]. PerpeccuoHHbIit anro-
PUTM OIpefiesieHUs] BiarocoaepxxaHusi B 6e3001a4-
HOM aTMoc(depe Haa oKeaHOM I10 u3mMepeHusM MT-
B3A-T'Sl omucan B [KocTtopnasg m np., 2020].

Beimu nponoikeHbl UCCeIOBaHUS TIO0 BaXKHOMY
HamnpaBJIEHUIO CITYTHUKOBOTo JI3A — pa3BUTHIO Me-
TOIOB IMCTaHIMOHHOTO onpeneneHus OC o30HA u
psiZa MaJjibIX Ta30BBIX COCTABIISTIONIMX aTMOCMEpHI,
BKJTIOYas TTapHUKOBBIE Ta3bl. B crarwsax [[TossikoB n
ap., 2019; Tumodee u ap., 2021] onucaH aaropuTMm
00pabdoTku naHHbix UKD C-2 cmytHuKa Meteop-M
Ne 2, ocHoBaHHBII Ha TpuMeHeHU ANN U cryT-
HUKOBBIX M3MepeHMii criekTpoMeTpa OMI, ncronb-
3yeMbIx 1 ooyuyeHuss ANN. B pabore [Bmomumn-
ckuit umnap., 2022] paccmaTpuBaeTcs aJIrOpuUTM
ANN onenku OC o30Ha MoJgaHHBIM paguoOMeTpa-
umamxepa MCY-I'C reocrauimonapHoro KA Diek-
Tpo-JI Ne 3, mpuuem 151 ooyyeHust ANN ncnonab3y-
foTcs otieHKM OC 030HA IO JaHHBIM CIIEKTPOMETpPa
OMPS KA S-NPP.

Cratbs [ Ycnenckuii, 2022] cogepXut 0030p paboT
MOCJIENHErO IBANATUIIETUSI, TOCBSIIEHHbBIX pa3BU-
TUIO B Hallleii cTpaHe 1 32 pyOeskoM METOA0B U CPEJCTB
U3MEPEHUS CO CITYTHUKOB MOJIEN KOHLEHTPALIMU J0JI-
Ne 7
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TOXKMBYIIINX YIJIEPOACOACPXKAIIMX ITAaPHUKOBBIX Ta30B
B atMocepe — nuokcuna yriaepona CO, u MeraHa
CH,. PaccMoTpeHbl METONIBI MHTEPIPETALIMU U3MEPE-
HUI COBPEMEHHBIX CITyTHUKOBBIX T'MIEPCIEKTPOMET-
poB OJIMKHEro WHGpaKpacHOTO W MH(MPaKpacHOro
JIMara3oHOB criekTpa. [IpuBeneHbI CBeIeHMUsI O IIPO-
rpaMMax pa3BUTHUsI OTCYECTBEHHBIX M 3apyOesKHBIX
CIYTHUKOBBIX CUCTEM MOHUTOpHHTA conepxxaHusi CO,
u CH, B atmMocdepe. B crarbe [[onoMon3uH u ap.,
2022] onmcaHa perpeccMoHHass METOOMKa OIlpenesie-
Hust XCO, B atMocdepe mo gaHHbIM MKDC-2 KA
Meteop M Ne 2, mpeaAKTOpaMy B KOTOPOIA SIBJISIIOTCS
3(peKTUBHBIC CIIEKTpPaJIbHbBIE ONTUYECKIE TOIIIMHBI
atMocdepbl B objactu criektpa 8—14 MKM, a pede-
peHcHbIMU 3HaueHussMu XCO, 1 MOCTpOeHUs pe-
rpecCcur — Pe3yJIbTaThl KOHTAKTHBIX M3MEPEHUIT KOH-
ueHTtpauuii CO, Ha BBICOTHOM MauTe MeXIyHapOIHOMH
obcepBaropun ZOTTO (entpansHas Cubups) u ¢po-
HOBBIe n3MepeHus B oocepBaroprun NOAA Ha ByJIKaHe
Mayna-Jloa (octpoB I'aBaiin), nmosydyeHHble B 2015—
2016 rr. Bamupanuss METOOMKU IIPOBOIMIACH COIIO-
CTaBJICHMEM IIOJyYEHHBIX YCPEOHEHHBIX OLIEHOK
XCO, ¢ TaHHBIMM MapaJlIebHbIX U3MepeHuii Hax Cu-
OMpBIO CITYTHUKOBBIMM criekTpoMeTpamMu OCO KA
OCO-2 u CrIS KA NOAA-20 (CIIIA).

KomnextuBom cneuunanuctoB MDA PAH Beimor-
HEH LIMKJI UCCJIENOBAHUIT MO JUCTAHIIMOHHOMY OITpe-
JIeJICHUIO MHTETPAJIbBHOTO COMEPKAHMSI IBYOKMICH a30-
ta NO, B Tpornocdepe ¢ BBICOKUM MPOCTPAaHCTBEHHbBIM
pa3pelnieHreM 0 JaHHBIM M3MEPEHUI CIIEKTPOMeTpa
I'CA co criytHukoB HabmoneHns 3emim cepumn Pe-
cypc-I1. Pa3zpaGoraHHass MeTOmMKA MO3BOJISIET TTOMY-
yaTh oleHKu pacnpenesieHuss NO, B Tponocdepe ¢
MIPOCTPAHCTBEHHBIM pa3pellleHrueM OKOJIO 2.4 KM Ha
cerke 120 m. Jlnsg BamMmauyy KpyITHOMACIITAOHBIX
CTPYKTYP, BBISBIISIEMBIX Ha BOCCTAHOBJICHHBIX ITOJISIX
pacnipenenenusi NO,, B [Postylyakov et al., 2019a,
2019b; 2020] BBIITOIHEHO CpaBHEHME C aHAJTOTUIHBIMU
OlIcCHKaMM MO AaHHBIM crieKtpoMeTpoB TROPOMI
(KA Sentinel-5P) 1 OMI (KA Aura), KoTopoe mnoi-
TBEPAWJIO JOCTOBEPHOCTH MOJIY4YaeMbIX pPe3yJIbTaToB.
J1st BamMmanyy MeJIKOMACIITaOHBIX CTPYKTYp U ISt
HaXOXIAEHUSI UCTOUHUKOB BbIOpOcOB NO, KOJIEKTH-
BoM MDA PAH coBmecTHO ¢ pusndeckuM paxkysibTe-
oM MI'Y um. M.B. JlomoHocoBa BeneTcs pa3padoTka
XUMUKO - TPAHCHOPTHBIX MOJIEJIEH COOTBETCTBYIOIIETO
macmtabda [Davydova et al., 2021; Mukhartova et al.,
2019, 2021; Zakharova et al., 2021], ¢ TOMOIIBIO KOTO-
PBIX IIPOIEMOHCTPHMPOBAHA BO3MOXKHOCTh Ha OCHOBE
nmaHHbx 'CA/Pecypc-I1 neTekTupoBaTh TOYEUHBIC HC-
TOYHUKM 3aTPSI3HEHUS U OIIPENEIISITh X MOIITHOCTb.

B MHcTUTyTE €CTECTBEHHBIX HAYK M MaTEMaTUKU
Vpanbckoro geaepajlbHOIO YHUBEpPCUTETA MPEnio-
KEHBI METOIIbl pelleHusl oopaTHbIX 3aga4d A3A misa
omnpeleNeHUsI BepPTUKAJIbHOTO MPOoMMIsS U OOIIEro
conepxanusi CH, [Zadvornykh et al., 2019], a Takxke
oTHouieHus1 KoHueHtpauuii HDO/H,O [Zad-
vornykh et al., 2021] B atmocdepe 3emMiu 1o TaHHBIM
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W3MEPEHMI CIIEKTPOB YXOMSIIET0 U3TyIeHUS TeTIO-
Boro u ommkHero MK-nmmamazoHOB (cneKTpoMeTp
TANSO-FTS) co cnyrnuka GOSAT-2. Bnepsbie
JaHHBIM METOJOM BOCCTAaHOBJIEH BEPTUKAJILHBIN
poduIb OTHOCUTEIBHOIO COASPKAHUS M30TOIOJI0-
roB HDO/H,O (D) B atmMochepHOM BOISIHOM I1ape
no maHHbeiIM TANSO-FTS, npuueM ogHOBpeMeHHOE
WCIIOJIb30BAaHUE CIICKTPOB YXOISIIETO U3IYyYSHMS aT-
Mocdepsl B TeruioBoM M onmkHeM MK numamazone
JaeT 0oJiee BBICOKYIO KOPPEISIIMIO CIYTHUKOBBIX
OLEHOK 0D ¢ JaHHBIMU HA3EMHOIO 30HIUPOBAHUSA
Ha FTIR cranuusax mexayHapomHoii cetu TCCON
[3anBopHEIX 1 Op., 2022]. B cratbe [Gribanov et al.,
2021] nccnemoBaHa BO3MOXHOCTE OITPEIEICHUS OT-
HocuTenbHOro cogepxanus 2CO,/?CO, B atmoche-
pe Mo TaHHBIM CITyTHUKOBOTO Dyphe-crekTpoMeTpa
tuna IASI/Metop. DKCIIepUMEHTHI C UCIIOJIb30BaHM -
€M MOJIECJIMPOBaHHBIX U3MepeHMit Dypbe-CIIeKTpoMeT-
pa IASI-NG, nokazanm, 4To BepTUKAIbHbIE TPOGWIN
koHuUeHTpauuu 13CO, 1 OTHOCUTEJIBHOTO CONEPXKAHUS

BCO,/™CO, B atMochepe yIOBIETBOPUTEIBHO BOC-

CTaHaBIWBAIOTCS B Tportocepe I MHTEpBaa BhI-
cot 2—11 kM.

B NOA CO PAH paszpaboTraH ajJlropuT™M BoccCTa-
HOBJICHUST KOA(P(DULIMEHTOB OTpaXKEHUs 3eMHOM 1O~
BEPXHOCTU C YYETOM BIIMSTHUS TIOJISIPU3ALIMY U3JTyUe-
Hus [ Tarasenkov et al., 2020]. J1st OLIeHKY ITOTPEITHO-
CTH aJITOpUTMa MCITONb3yIoTcd n3mepennss MODIS B
MATU KaHajlax U TeCTOBblE TOYKU B LIEHTPE XBOUHBIX
JIECHBIX MacCCHUBOB B JIETHMII TIepMOI TOAa Ha Tpex
yuactkax (tor Tomckoii o6i1., MUpkytckass 1 MocKoB-
ckas 06i.). ConocTaBlieHUe pe3yJbTaTOB MPUMEHe-
HUSI QJITOPUTMOB C y4€TOM U 0e3 yueTa MoJisipu3aliuu,
n3BectHOTO airopurMa NASA MODO09 ¢ usmepeHusi-
MM, TIPUHSTBIMU 3a STAJIOHHbIE, MOKa3bIBAET, UTO
CcpeaHMe 3HaYeHsI HOBBIX OLICHOK (C YY€TOM BIUSIHUS
MoJIsipu3aliiu) OJKe K 3TaJIOHHBIM, YeM TojyJyae-
MbI€e ¢ TToMoIIbIo atroputmMa NASA MODO09.

B HIIO “TaiipyH” mcciaenoBaHbl XapaKTepUCTH -
KM BBICOTHBIX CTPYMHBIX T€UEHUI M TI0JIs1 BETpa B
BEpXHEN Tpornocdepe, a TAaKXKe UX CBI3U C KIIMMaTU-
YEeCKMMU MapaMeTpaMy U KpyITHOMAacIITaOHbIMU aT-
MOC(EepHbIMU SIBICHUSMU IO JaHHBIM U3MepeHUit
panuometpa — umamxkepa SEVIRI, yctaHOBIEHHOTO
Ha eBPOMNEMCKUX IreocTallMOHApHBIX METEeOCITyTHU-
Kax BTOporo moxojieHust Meteosat-8,-9,-10 [Neru-
shev et al., 2019]. B cratee [HepymeB u ap., 2021a]
MPEMIOXEeHa CTAaTUCTUYECKash MOJIENb BPEMEHHON
U3MEHYMBOCTU XapaKTePUCTUK BBICOTHBIX CTPYIHBIX
TeueHuii CeBepHOro nojyiiapus, onpeaeaeHHbIX 110
manaeiM SEVIRI. B pa6ore [Hepyies, u ap., 20216]
paccMOTpeHa CBSI3b aHOMalUil CpemHeMeCcSYHOM
MPU3EMHOI TeEMITepaTypbl BO3yXa Ha METEOPOJIOT U -
yeckux ctaHuusax EBporrsl 1 EBporneiickoit Tepputo-
puu Poccuu ¢ XxapakTepuCTUKaMU BbICOTHBIX CTPYIi-
HbIX TeueHUi. B padorax [Hepymes u MBaHropomn-
ckuit, 2019; Nerushev et al., 2022] ripemioXXeH METO/I
ornpezesaeHus 30H TypOyJIEeHTHOCTU B BEpXHEU Tpo-
nocdepe mo gauabIM n3Mepenuii SEVIRI 1 mocTpo-
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€Ha CTaTUCTUYeCKas MOJIeNlb BpeMEeHHOUM M3MEHYM-
BOCTH TUIOIIANEH 30H TypOYJIEHTHOCTH.

M3 Gosblioro KoanvyecTBa MyoaMKalvid 1Mo pas-
JIMYHBIM TIPUJIOXEHUSIM Pe3yJbTaTOB CITyTHUKOBOIO
JI3A ocTaHOBMMCS Ha TeX M3 HUX, KOTOPBIE OTHOCSIT-
Csl K MOHUTOPUHTY OMACHBIX MPUPOAHBIX SIBICHUM U
AHTPOIIOTE€HHBIX SMUCCUI TAPHUKOBBIX Ta30B, a TAK-
K€ TIOATOTOBKE YMCJIEHHBIX MPOTHO30B IMOTOAbI U
KJIMMaTU4YECKUM UCCIIeTOBaHUSIM.

B cratbe [Acmyc u ap., 2019] npeacraBieHbI pu-
Mepbl MCTIOIb30BaHUS CITyTHUKOBOIM WHMOpMAI-
onHoil nmponykuun HUII “Ilnanera” mist MOHUTO-
pHMHTa OITACHBIX MMPUPOMHBIX SIBJICHUI HA TEPPUTO-
pun Poccum, BKIOYasT HABOTHEHWS, TOXKAPHYIO
00CTaHOBKY, BBIXOAbI TPOIUYECKUX LIUKIOHOB, 3a-
IPSIBHEHUS IPUPOAHON cpellbl, ByJKAHUYECKYIO aK-
TUBHOCTL U 1Ip. B pa6ote [[upuna u np., 2019] naHo
OITMCaHNe CO3MaHHON MH(MOPMAIIMOHHON CHUCTEMBI
“JIncTaHOMOHHBIA MOHUTOPUHT aKTUBHOCTHU BYJIKA-
HoB Kamuatku n Kypuir”, ¢ moMoIis0 KOTOPOi BhI-
MOJIHEH aHaJM3 IVCTAHIIMOHHBIX HAOMIONEHUI 2KC-
TUIO3UBHO-3(h(y3MBHOTO U3BEPKEHUS ByJaKaHa Kitto-
yeBckoir B 2019—2020 rr. [Tupuna u gp., 2021].
B ynmomsinyToii Bhimie crathe [BomkoBa m Kyxap-
ckuii, 2020] ormicaHo UCITOIb30BaHME JAHHBIX M3MeE -
penunii SEVIRI/Meteosat 111 [uarHo3a onacHbIX SIB-
JeHuii moroapl. B cratbe [®posoBa u ap., 2022]
MpencTaBlieHbl TEepBble pe3yJbTaTbl MOHUTOPUHTA
Me30MaCIITaOHbIX [IUKJIOHOB B APKTUYECKOM PETMOHE
B BUZIE KapThl UX MIOBTOPSIEMOCTH TIO0 TAaHHBIM PaIHo-
MmeTpa—uMamkepa MCY-I'C KA Apkrnka-M Ne 1.

IIpumMmepsl UCIONB30BaHMUS CIIyTHUKOBBIX H3MeE-
peHuit XCO, B atMocepe 1o naHHbiM KA OCO-2
IUIST MCCIIENOBAaHUIA MNPOCTPAaHCTBEHHO-BPEMEHHBIX
BapuallMii U OLIEHOK AaHTPOIIOr€HHBIX 3MHUCCUM B
pa3nnuHbIX Toponax P® npuseneHbl B padorax [Hu-
KUTEeHKO U 1p., 2020; Tumodees u ap., 2019a, 20196;
2020a, 20200].

B cratpsax [LpipyasHuKOB 1 ap., 2019, 2021] nano
OIMMCaHUEe CHUCTEMbI OINEPaTUBHOIO YCBOSHUSI NaH-
HBIX METEOPOJIOTUYECKMX HabaoaeHuil [vapomer-
1eHTpa Poccun Ha OCHOBE TPEXMEPHOTO BapUallOH-
HOTO TOIX0/Ia U MPEACTaBIIEHbI PE3Y/IbTaThl YCBOSHUS B
9TOI CCTEME TaHHBIX U3MEPEHMIT aTMOC(EPHBIX MUK-
poBoTHOBBIX 1 MK -30HAMPOBIIMKOB, TOCTYTAIOIINX C
KA cepuu Meteop-M. IlpuBoasitcss MeToouka u pe-
3yJIbTaThl aJaNTUBHON KOPPEKIIUU KaHAJI0B MUKPO-
BosiHoBoro paguomerpa MTB3A-ISl. OnuceiBaeTcs
MeTonuka ycBoeHusi naHHbix WMK-3oHmuposuinka
NK®C-2 KA cepun Meteop-M, BKInouaroiiast Ho-
BYIO cXeMy BhIOOpa HambOoyiee MHPOPMATUBHBIX Ka-
HayioB. CpaBHEHUE PE3YyJbTATOB YCBOSHUSI HJAHHBIX
NK®C-2 u espormeiickoro Dypbe-crieKTpoMeTpa
IASI (KA Metop) mokasbiBaet, uto gaHHble UKDC-2 n
IASI oka3bIBalOT IIPUMEPHO OOMHAKOBOE ITOJIOXKM-
TeJIbHOE BJIMSIHME Ha KPATKOCPOYHBIM MPOTHO3 T0-
TOJbI.

B cratwe [YcmeHckuii n ap., 2022] obcyxxnaeTcs
ncrionb3oBanne u3MepeHuit M K-3oHamposminka
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NK®DC-2 KA cepun Meteop-M 11 IUCTaHLIMOH-
HOTO OIIpe/ieICHUs] TTapaMeTPOB COCTOSIHUSI aTMO-
cepbl, OTHOCSIIMXCS K OCHOBHBIM KJIMMaTUYE€CKUM
MepeMeHHbIM (KOHLIEHTpAIlui OCHOBHBIX ITapHUKO-
BBIX Ta30B, XapaKTEPUCTUKMN OOJIAYHOCTU U a3P030-
Jieil, BepTUKaJbHbBIe MPO(GUIN TeMmepaTyphsl U Ap.),
MOHUTOPUHT KOTOPBIX HEOOXOIUM JIJISI XapaKTepu3a-
UMW KJIMMATUYECKOM CHUCTEMbI M €€ W3MEHEHWUI.
IIpoananu3upoBaHa BO3MOXHOCTb (POPMHUPOBAHUS
MHOTOJIETHUX OJHOPOMHBIX PSIIOB, COACPXKAIIUX U3-
MmepeHust MKM®C-2 1 criyTHUKOBBIE OLICHKM BbIIIIE-
YIIOMSIHYTBIX aTMOC(EPHBIX KJIMMAaTUUECKUX TIepe-
MEHHBIX. B y3ke mmTupoBaHHOM BhIlIE cTaThe [AcTa-
dypoB u gap., 20210] Ha oOCHOBE pe3yJILTaTOB
KJjlaccuduKaluy 00JIAYHOCTH MO CITYTHUKOBBIM JaH-
HbiM (u3mepenHusi MODIS u VIIRS) uccinenoBana
MHOTOJIETHSISI U3MEHYMBOCTb CTPYKTYPHI MOJIeii 00-
JIAYHOCTU U UIX XapaKTEPUCTUK Ha IIPUPOTHBIMHU 30-
HamMu 3anamHoii Cubupn B JIeTHee BpeMs Iiepuoaa
2001—2019 rr. B pa6ote [ITokpoBckuii, 2019] npen-
CTaBJIEeHBI Pe3y/IbTaThl aHAIN3a KIMMATUUYECKUX PSsi-
JIOB TJI00AJbHOW M pPErMoOHaJbHON OOJAaYHOCTU 3a
1983—2009 rr., MOJy4eHHBIX B paMKaX MEXIyHapo/I -
Horo cnyTHuUkKoBoro Ipoektra ISCCP. PesynbraThl
aHaJIn3a MOKa3bIBaloT, UTO MI00aIbHAS I perMOHAb-
Hast 00JaYHOCTh NEMOHCTPUPYIOT YOBIBaHUE Ha 2—
6%. B crarbax [[TokpoBckuit u ap., 2020, 2022] Ha
OCHOBE Ha3eMHbIX HAOJIOACHUN U JaHHBIX TUCTaH-
LIMOHHOTO 30HAUPOBAHUSI aTMoOcdepbl, OKeaHa U
KpHocdepbl BhISIBJIEHBI M UCCIEAOBAHbI MeIJIEHHBIE
KJIUMaTU4YeCKUEe KojiebaHUs TeMIepaTypbl BOI MO-
BEPXHOCTHOTO OKCAHUYECKOTO CJIOST U IS TIIyOUH
okeaHa 10 700 M B ceBepHOM MOJIyLIIApWU 3a MTOCTE -
HUE TMOJITOpa BeKa KaK OTKJIWK Ha MOMYISILIUU COJI-
HEYHOI aKTUBHOCTM.

B UTT® PAH BbinosaHeHbI UcciaeaoBaHus GoTo-
XUMHWUYECKHX peakllvMil U UX BIMSHUS Ha BaKHel1ue
XapaKTepUCTUKU U COCTaBJIsgI011Me aTMOC(epbl B 00-
Jact Me3omnay3bl (Ha BeicoTax 80—100 kM) 1o cryT-
HUKOBBIM JTAaHHBIM — u3MepeHusM 10-KaHaIbHOTO
MNK-panuomerpa SABER, paGoratoniero B 1MmM060-
BoM pexume (cnytHuk TIMED, CIIIA). B crarbe
[Kulikov et al., 2019] noka3zaHo, 4YTO HapylleHUE U3-
BECTHOTO TPEANOJ0XEHUs] O XMMUYECKOM PaBHOBE-
CUM “HOYHOTO” 030Ha Ha HMXKHEW rpaHulie Me30I1a-
y3bl (77—86 KM B 3aBUCHMOCTH OT CE€30HA U IIIUPOTHI)
MPUBOIUT K TPYObIM OILIMOKaM TPU AUCTAHIIMOHHOM
orpefesieHu aroMapHoro kuciopona O 1o JaHHbIM
SABER. B crarbe [Kulikov et al., 2020] nanxbie SABER
3a miepmon, 2003—2005 rT. MCcHoaB30BaHBl I IH-
CTAaHIIMOHHOTO ONpeIeSeHUs] MPOCTPAHCTBEHHO-
BpeMeHHBIX pacnipeneieHnii O (D) B obnactu Mes-
omay3bl. B pabdore [Kulikov et al., 2021] Ha ocHOBe
aHanm3a gaHHbIx SABER monydyeHo 1mepBoe 3KcIie-
PUMEHTAIILHOE NOATBEPXKIECHUE BO30OYXKIEHUS HETU-
HEUHBIX GOTOXUMUYECKUX OCLHWJIISILIUI C TIEPUOIOM
2 CYyTOK KaK OTKJIMKa Ha CyTOYHbIE Bapualluy OCBe-
meHHocTU. B craThsax [Kulikov et al., 2022a, b] mpo-
aHaJM3MpPOBaHa TOYHOCTb BOCCTAaHOBJIEHUSI IHEB-
HBIX pacnpelejieHuid aromapHoro kuciaopoaa O u
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aToMapHoro Bogopona H B ob6mactu Me3onay3sbl 110
maaHeIM SABER 3a 2003—2015 rT. mpu y4ere peak-
LIMM 030Ha C aTOMapHBIM BOJOPOJIOM B YpaBHEHUU
OajaHca OJisl 030Ha.

O030p NMOATOTOBJICH HAa OCHOBE MaTepHUAJIOB, ITPEI0-
craBieHHbIx: C.C. Bmacenko, E.®. MuxaiiioBbIM,
H.W. Harupuepom, I'M. Hepoo6enoseim (CIIOIY),
A.A. Buracuneim, I'M. TopuakoBemM, E.M. Ipeuxo,
0O.B. MocreuisikoBeiM, B.C. Pakutuneim (MDA),
B.T". AcradyposeiMm, b.J1. benranomM, B.B. benoBeiMm,
C.M. bo6posHukosbiM, B.H. MapuueBrsiM, M.B. ITaH-
yeHKo, A.A. Cumonosoii, JI.H. Cunuueii, T.1O. Yec-
HokoBoii (MOA), 10.B. Kucenepoii, A.H. PybieBsim
(HULI Ilmanera), A.®. Hepymeoim (HITO “Taii-
¢yn”), O.M. ITokposckum (PITMY) , B.M. UBaxo-
BeiM, H.H. TTapamonoBoii, A.A. CoJlOMaTHUKOBOM
(I'TO wum. BoeiikoBa A.WN.), B.®. PanuoHOBBIM
(AAHWN), B.. 3axaposbiM (MEHM YOY).
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